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A PREFATOKT LEIIER. 



Mt dear Tyndall, 

I should have liked to provide this eollection 
" Lay Sermons, Addresses, and Reviewa," with a 
Dedication and a Preface. In the former, I should have 
asked you to allow me to associate your name with the 
book, chiefly on the ground that the oldest of the papers 
in it is a good deal younger than our friendship. In 
the latter, I intended to comment upon certain criticisms 
with which some of these Essays have been met. J 

But, on turning the matter over in my mind, I began* 
to fear that a formal dedication at the beginniuT of suchl 
a volume would look like a grand lodge in front of a set 
of cottages ; while a complete defence of any of my old 
papers would simply amount to writing a new one — a 
labour for which I am, at present, by no means fit 

The book must go forth, therefore, without any better 
substitute for either Dedication, or Preface, than this 
letter ; before concluding which it is necessary for me 

fl^) notify you, and any other reader, of two or three 

Chatters. 

O 

><J 
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^m^ ^ FREFATORT LETTER. 

H The first is, that the oldest Essay of the whole, t 
■ "On the Educational Value of the Natural His 
H Sciences," contains a view of the nature of the differem 
^B between living and notr-living bodies out of which I Ii 
^f long since grown. 

Secondly, in the same paper, ttere is a statement c 
eerniug the method of the mathematical sciences, 'whi 

I repeated and expanded elsewhere, brought upon 
during the meeting of the British Association at Exei 
the artillery of our eminent friend Professor Sylvester. ' 
No one knows better than you do, how readily ! 
should defer to the opinion of so great a mathomatician 
if the question at issue were really, as he seems to think 
it is, a mathematical one. But I submit, that the dictum 
of a mathematical athlete upon a difBcult problem which 
mathematics offers to philosophy, has no more special 
weight, than the verdict of that great pedestrian Captain 
Barclay would have had, in settling a disputed point in 

• the physiology of locomotion. 
The genius which sighs for new worlds to conquer 
beyond that surprising region in which "geometry, 
algebra, and the theory of numbers melt into one another 
like sunset tints, or the colours of a dying dolphin," may 
be of compitratively little service in the cold domain 
(mostly lighted by the moon, some say) of philosophy. 
And the more I think of it, the more does our friend 
^».8eem to me to fall into the position of one of those 
^P " verstiindige Leute," about whom he makes so apt a ' 
quotation from Goethe. Surely he has not duly con- 
siderp4 two points. The first, that I am in no way 
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answeraWe for tlie origination of the doctrine lio criti- 
cises : and the second, that if we are to employ the 
terms observation, induction, and experiment, in the 
BensG in which he uses them, logic is as much an 
obserrational, inductive, and experimental science as 
mathematics; and that, I confess, appears to me to be 
a reductio ad ahsurdum of his argument 

Thirdly, the Essay " On the Physical Basis of Life" was 
intended to contain a plain and untcchnical statement of 
one of the great tendencies of modern biological thought) 
accompanied by a protest, from the philosophical aide, 
against what is commonly called Materialism. The 
result of my weU-meant efforts I find to be, that I am 
generally credited with having invented " protoplasm " 
in the interests of *' materialism." My unlucky " Lay 
Sermon" has been attacked by microscopists, ignorant 
alike of Biology and Philosophy ; by philosophers, not 
very learned in either Biology or Microscopy ; by clergy- 
men of several denominations ; and by some few writers 
who have taken the trouble to understand the subject. 
I trust that these kst will believe that I leave the Essay 
unaltered from no want of respectful attention to all they 
have said. 

Fourthly, I wish to refer all who are interested in 
the topics discussed in my address on "Geological Ile- 
foi-m," to the reply with which Sir William Thomson has 
LOured me. 

And, lastly, let me say that I reprint the review of 
The Origin of Species" simply because it has been 
cited as mine by a late President of the Geological Society, 
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This time two hundred years ago — in the beginning of 
January, 16G6 — those of our forefathers who inhabited 
this great and ancient city, took breath between the 
Bhoeks of two fearful calamities: one not quite paat, 
although its fury had abated ; the other to come, 

"Within a few yards of the very spot on which we 
are assembled, so the tradition runs, that painful 
and deadly malady, the plague, appeared in the latter 
months of 1664 ; and, though no new Tisitor, smote the 
people of England, and especially of her capital, with 
a violence unknown before, in the course of the following 
year. The hand of a master has pictured what happened 
m those dismal months ; and in that truest of fictions, 
" The History of the Plague Year," Dofoe shows death, 
with every accompaniment of pain and terror, sfalking 
through the narrow sti'ects of old London, and changing 
their busy hum into a silence broken only by the 
wailing of the mourners of fifty thousand dead ; by the 
woful denunciations and mad prayers of fanatics ; and 
by the madder yells of despairing profligates. 

But, about this time in 1666, the death-rate had 
Book to nearly its ordinary amount ; a case of plague 
occurred only here and there, and the richer citizens 
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who had flown from the pest had returned to their 
dwellings. The remnant of the people began to toil 
at the accustomed round of duty, or of pleasure ; and 
the stream of city life bid fair to flow back along its 
old Wl, with renewed and uninterrupted vigour. ^ 

The newly kindled hope was deceitful The great 
[ilague, indeed, returned no more ; but what it had 
done for the Londoners, the great fire, which broke 
out in the autumn of 16G6, did for London ; and, in 
Hcptcmbcr of that year, a heap of ashes and the inde- 
structible energy of the people were all that remained 
of the glory of five-sixths of the city within the walls. 

Our forefathers had their own ways of accounting 
for car;h of these calamities. They submitted to the 
plague in humility and in penitence, for they believed 
it to be the judgment of God. But, towards the fire 
they were furiously indignant, interpreting it as the 
effect of the malice of man, — as the work of the 
Republicans, or of the Papists, according as their pre- 
possessions ran in favour of loyalty or of Puritanism. 

It would, I fancy, have fared but ill with one who, 
Htanding where I now stand, in what was then a thickly 
peopled and fashionable part of London, should have 
l>roached to our ancestors the doctrine which I now 
propound to you — ^that all their hypotheses were alike 
wrong ; that the plague was no more, in their sense, 
Divine judgment, than the fire was the work of any poli- 
tical, or of any religious, sect ; but that they were them- 
HL'lves the authors of both plague and fire, and that they 
must look to themselves to prevent the recurrence of 
calamities, to all appearance so peculiarly beyond the 
reach of human control — so evidently the result of the 
wrath of God, or of the craft and subtlety of au 
ny. 
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And one may picture to oBPself how harmoniously 
the holy cursing of the Puritan of that day would have 
chimed in with the unholy cursiag and the crackling 
wit of the Eochestera and Sedleys, and with the revilinga 
of the political fanatics, if my imaginary plain dealer 
had gone on to say tliat, if the return of such misfortunes 
were ever rendered impossible, it would not be in virtue 
of the victory of the faith of Laud, or of that of 
Milton ; and, as little, by the triumph of republicanism, 
as by that of monarchy. But that the one thing 
needful for compassing this end was, that the people 
of England should second the efi'orts of an insig- 
nificant corporation, the establishment of which, a few 
yeai-s before the epoch of the great plague and the 
great fire, had been as little noticed, as they were 
conspicuous. 

Some twenty years before the outbreak of the plague 
a few cabn and thoughtful students banded themselves 
together for the purpose, as they phrased it, of "im- 
proving natural knowledge." The ends they proposed 
' ) attain cannot be stated more clearly than in the 
'ords of one of the founders of the organization : — 

*' Our business was (precluding matters of theology 
and state affairs) to discourse and consider of philo- 
Bophical enquiries, and such as related thereunto: — as 
Phymck, Anatomy, Geometry, Astronomy, Navigation, 
Staticks, Magneticks, Chymieks, Mechanicks, and 
Natural Experiments ; with the state cf these studies 
and their cultivation at home and abroad. We then 
discoursed of the circulation of the blood, the valves 
in the veins, the vense lactere, the lymphatic vessels, 
the Copernican hypothesis, the nature of comets and 
new stars, the satellites of Jupiter, the oval shape (an 
it then appeared) of Saturn, the spots on the sun and 
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its turning on its own axis, the inequalities and seleno- 
graphy of the moon, the several phases of Venus and 
Mercury, the improvement of telescopes and grinding 
of glasses for that purpose, the weight of air, thftv 
possibiUty or impossibility of vacuities and nature's aVa 
horrence thereof, the Torricellian experiment in quiefc*! 
silver, the descent of heavy bodies and the degree <Am 
acceleration therein, with divers other things of like'f 
nature, some of which were then hut new discoveries, 
and others not so generally known and embraced as 
now they are ; with other things appertaining to what 
hath been called the New Philosophy, which, from 
the times of Galileo at Florence, and Sir Francis Bacon 
(Lord Verulam) in England, hath been much cultivated 
in Italy, France, Germany, and other parts abroad, aa 
well aa with us in England." 

The learned Dr. Wallis, writing in 1G96, narrates, in 
these words, what happened half a century before, or 
about 1645. The associates met at Oxford, in the 
rooms of Dr. Wilkins, who w:is destined to become a 
bishop ; and subsequently coming together in London, 
they attracted the notice of the kmg. And it is a 
strange evidence of the taste for knowledge which the 
most obviously worthless of the Stuarts shared with 
his father and grandfather, that Charles the Second 
was not content with saying witty things about hia 
philosophers, but did wise things with regard to thena. 
Kor he not only bestowed upon them such attention aa 
he could spare from his poodles and his mistresses, but, 
being in his usual state of impccuniosity, begged for 
Ihem of the Duke of Ormond ; and, that step being 
without effect, gave them Chelsea College, a charter, and 
a mace : crowning his favours in the best way they could 
be crowned, by burdening them no further with royal 
patronage or state iuterference. 
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Thus it was that the half-dozen young men, studioua 
of the " New Philosophy," who met iu one another's 
lodgings in Oxford or in London, in the midiile of the 
ficventeenth century, grew in numerical and in real 
Btrength, until, ui its latter part, the " Eoyal Society for 
the Improvement of Natural Knowledge" had already 
become famous, and had acquired a claim upon the vene- 
ration of Englishmen, which it has ever since retained, 
as the principal focus of scientific activity in our islands, 
and tlie chief champion of the cause it was formed to 
support. 

It was by the aid of the Royal Society that Newton 
published his " Principia," If all the books in the world, 
except the Philosophical Transactions, were destroyed, it 
is safe to say that the foundations of physical science 
would remain unshaken, and that the vast intellectual 
progress of the last two centuries would 1 • largely, 
though incompletely, recorded. Nor have any signs 
of halting or of decrepitude manifested themselves in 
our own times. As in Dr. "Wallis'a days, so in these, 
" our business is, precluding theology and state affairs, 
to discoui^e and consider of philosophical enquiries." 
But our "Mathematick" is one which Newton would 
have to go to scho'ol to learn ; our " Staticks, Mcchanicks, 
Magneticks, Cbymicks, and Natural Experiments" con- 
stitute a mass of physical and chemical knowledge, 
a glimpse at which would compensate Galileo for 
the doings of a score of inquisitorial cardinals ; our 
" Physick " and " Anatomy " have embraced such in- 
finite varieties of being, have laid open such new 
worlds in time and space, have grappled, not unsuc- 
cessfully, with such complex problems, that tlie eyes 
of Vesalius and of Harvey might be dazzled by the 
flight of the tree that has grown out of tlinir grain of 
mustard seed. 
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TLo fact is pcrliaps rather too much, than too little, 
foreed upon one's notiee, nowadays, that all this mar- 
vellous intellectual growth has a no less wonderful 
expression in practicjil life ; and that, in this respect, if 
in no other, the movement eymbolized by the progress 
of the Royal Society stands without a parallel in the 
hktory of manldnd. 

A seriea of volumes as bulky as the Transactions of 
the Royal Society might possihly be filled with the 
subtle speculations of the Schoolmen ; not improbably, 
the obtaining a mastery over the products of mediaeval 
thought might necessitate an even greater expenditure of 
time and of energy than the acquirement of the " New 
Philosophy;" but though such work engrossed the best 
inteUeets of Europe for a longer time tiian has elapsed 
since the great fire, its effects were " writ in water," so 
far as our social state is concerned. 

On the other hand, if the noble first President of the 
Eoyal Society could revisit the upper air and once more 
gladden his eyes with a sight of the familiar mace, he 
would find himself in the midst of a material civilization 
more different from that of his day, than that of the 
seventeenth, was from that of the first, century. And if 
tjord Brouneker's native sagacity had not deserted bis 
ghost, he would need no long reflection to discover that 
all these great ships, these railways, these telegraphs, 
these factories, these printing-presses, without which the 
whole fabric of modern English society would collapse 
into a mass of stagnant and starving pauperism,— that 
all these pillars of our State are but the ripples and the 
bubbles upon the surface of that great spiritual stream, 
the springs of which, only, he and his fellows were 
privileged to see ; imd seeing, to recognise as that which 
it behoved them above all things to keep pure and 
undefiled. 
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^H It may not be too great a, flight of imagination to 
^K<x)DceJre our noble revenant not forgetful of the great 
^" troubles of his own day, and anxioua to know bow often 
London bad been burned down since his time, and how 
often the plague had carried off its thousands. He would 
have to learn that, although London contains tenfold the 
inflammable matter that it did in 1666 ; though, not 
content with filling our rooms with woodwork and light 
dfaperies, we must needs lead inflammable and explosive 
gases into every corner of our etreets and houses, we 
never allow even a street to bum down. And if he 
asked how this had come about, we should have to 
explain that the improvement of natural knowledge has 
furnished us with dozens of machines for throwing water 
upon fires, any one of which would have furnished the 
ingenious Mr. Hooke, the first " curator and experi- 
menter" of the Eoyal Society, with ample materi;ils for 
discourse before half a dozen meetings of that body ; 
and that, to say truth, except for the progress of natural 
knowledge, we should not have been able to make even 
the tools by which these machines are constructed. 
And, further, it would be necessary to add, that although 
severe fires sometimes occur and inflict gi-eat damage, 
the loss is very generally compensated by societies, the 
operations of which have been rendei-ed possible only 
by the progress of natural knowledge in the direction of 
mathematics, and the accumulation of wealth in virtue 
of other natiu-al knowledge. 

But the plague ? My Lord Brouucker's observation 
wonld not, I fear, lead him to think that Englishmen of 
the nineteenth century are purer in life, or more fer- 
vent in religious faith, than the generation which could 
produce a Boyle, an Evelyn, and a Miltou. He might 
find the mud of society at the bottom, instead of at the 
top, but I fear that the sum total would be as dcscrviug 
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of swift judgment as at the time of the Restoration.* 
And it would be our duty to explain once more, anjJ 
this time rot without shame, that we have no reosonl 
to behcve that it is the improvement of our faith, norl 
that of our morals, which keeps the plague from ourf 
city ; but, again, that it is the improvement of oorj 
natural knowledge. i 

We have learned that pestilences will only take ap 1 
their abode among those who have prepared imswep^l 
and ungamished residences for thena. Their cities must I 
have narrow, uuwatered streets, foul with accumuhited'f 
garbage. Their houses must be iU-draincd, Ul-lighted^J 
ill-ventUated. Their subjects must be ill-washed, ill-l 
fed, ill-clothed. The London of 1665 was such a city*| 
The cities of the East, where plague has an enduring I 
dwelling, are such cities. We, in later times, have 
learned somewhat of Natxire, and partly obey her. 
Because of this partial improvement of our natural 
knowledge and of that fractional obedience, we have 
no plague ; because that knowledge is still very imper- 
fect and that obedience yet incomplete, typhus is our 
companion and cholera our visitor. But it is not 
presumptuous to express the belief that, when our 
knowledge is more complete and our obedience the 
expression of our knowledge, London will count her 
centuries of freedom from typhus and cholera, as she 
now gratefully reckons her two hundred years of 
ignorance of that plague which swooped upon her 
thrice in the first half of the seventeenth century. 

Surely, there is nothing in these explanations which 
is not fully borne oiit by the facts 1 Surely, the prin- 
ciples involved in them are now admitted among the 
fixed behcfs of all thinking men ? Surely, it is tnie 
tliat our countrymen are less subject to fire, famine, 
pestilence, and dl the evils which result fiom a want 
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ot coramand ovor and dae anticipation of the courte c^ 
Nature, than were the countrymen of Milton ; and healti, 
wealth, and well-being are more abundant with us than 
with them ? But no less certainly is the difference due 
to the improvement of our knowledge of Nature, and 
the extent to which that improved knowledge has been 
I incorporated with. the household words of men, and has 
I mpphed the springs of their daily actions. 
I Granting for a moment, then, the truth of that which 
the depredatora of natural knowledge are so fond of 
m^ng, that its improvement can only add to the resources 
of our material civilization ; admitting it to be possible that 
the founders of the Eoyal Society themselves looked for 
no other reward than this, I cannot confess that I was 
guilty of exaggeration when I hinted, that to him who 
had the gift of distinguishing between prominent events 
and important events, the origin of a combined effort 
on the part of mankind to improve natural knowledge 
might have loomed larger than the Plague and have out^ 
shone the glare of the Fire ; as a something fraught with 
a wealth of beneficence to mankind, in comparison with 
which the damage done by those ghastly evils would 
shrink into insignificance. 

It is very certain that for every victim slain by 
the plague, hundreds of mankind exist and find a fair 
share of happiness in the world, by the aid of the 
spinning jenny. And the great fire, at its worst, could 
not have burned the supply of coal, the daily working 
of which, in the bowels of the earth, made possible by the 
Btcam pump, gives rise to an amount of wealth to which 
tlie millions lost in old London are but as an old song. 

But spinning jenny and steam pump are, after all, but 
Ltoys, possessing an accidental value ; and natural know- 
■ledge creates multitudes of more subtle contiivonccs, the 
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praises of wliicli do not happen to be sung because tlicy 
are not directly convtrtiblu into iustniraeuta for creating 
wealth. When I contemplate natural knowledge squaji- 
dering such gifts among men, the only appropria" 
comparison I can find for her is, to liken her to such 
peasant woman as one sees in the Alps, striding evei- 
upward, heavily burdened, and with mind bent only on 
her home ; but yet^ without effort and without thought, 
knitting for her children. Now stockings are good and 
comfortable tilings, and the children will undoubtedTyj 
be much the better for them ; but surely it would wi 
shortsighted, to say the least of it, to depreciate thild 
toiling mother as a mere stocking-machiJie — a mei«3 
provider of physical comforts ? \ 

However, there are blind leaders of the blind, and ntrta 
a few of them, who take this view of natural knowledg^^ 
and can see nothing in the bountiful mother of humanity.] 
but a sort of comfort-grinding machine. According to] 
them, the improvement of natural knowledge always had 
been, and always must bo, synonymous with no mora 
than the improvement of the material resources and thH 
increase of the gratifications of men. 3 

Natural knowledge is, in their eyes, no real mother of^ 
mankind, bringing them up with kindness, and, if ne&Ci 
be, with sternness, ia the way they should go, anefl 
instructing them in all things needful for their welfare a 
but a sort of fairy godmother, ready to furnish her petM 
with shoes of swiftness, swords of sharpness, and omni-1 
potent Aladdin's lamps, so that they may have telegraphS' 
to Saturn, and see the other side of the moon, and thank. 
God they are better than their benighted ancestors. ] 

If this talk were true, I, for one, should not greatly' 
care to toil in the service of natural knowledge. 1 think ' 
I would just as soon be quietly chipping my own flint . 
axe, after the manner of my forefather's a few thousand ; 
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years back, as be troubled with the endlesa malady of 
thought which now infests us all, for such reward. But 
I venture to say that such views are contrary alike to 
reason and to fact. Those who discour-se in such fashion 
seem to me to be so intent upon trying to sec what ia 
above Nature, or what is behind her, that they are blind 
to what stares them in the face, in her, 

I should not venture to speak thus strongly if my 
justification were not to be found in the simplest and , 
most obvious facts, — if it needed more than an appeal \ 
to the most notorious tmths to justify my assertion, that 
the improvement of natural knowledge, whatever direc- 
tion it has taken, and however low the aims of those 
who may have commenced it — has not only conferred 
practical benefits on men, but, in so doing, has efi'ectcd 
a revolution in their conceptions of the universe and of 
themselves, and baa profoundly altered their modes of 
thinking and their views of right and wrong, I say 
that natural knowledge, seeking to satisfy natural wants, 
has found the ideas which can alone stUl spiritual 
cravings. I say that natural knowledge, in desiring to . 
ascertain the laws of comfort, has been driven to discover / 
those of conduct, and to lay the foundations of a new / 
lorality. / 



^re, 



Let ua take these points separately ; and, first, what 
lat ideas has natural knowledge introduced into men's 
minds? 

I cannot but think that the foundations of all natural 
knowledge were laid when the reason of man first came 
face to face with the facts of Nature : when the savage 
first learned that the fingers of one hand are fewer than 
t^ose of both ; that it is shorter to cross a stream than 
to head it ; that a stone stops where it is unless it be 
moved, and that it drops from the hand which lets it go ; 



^Ifl ZJr SERMOXS, JDDRESSES, AND RHVIEWS. S^| 

that Kglit and heat come and go with the sun ; that 
sticks bum away in a fire ; that plants and animals grow 
and die ; that if he struck his fellow-savage a blow he 
would make him angry, and perhaps get a blow in return, 
while if he offered him a feuit he would please him, and 
perhaps receive a fish in exchange. When men had 
acquired this much knowledge, the outlines, rude though 
they were, of "mathematics, of physics, of chemistry, of 
biology, of moral, economical, and poHtical science, were 
sketched. Nor did the germ of religion fail when 
science began to bud. Listen to words which, though 

I new, are yet three thousand years old : — ^^ 

". . . 'Wbea in heaven the stars about the mooa ^^^H 

Look beautiful, when all the winda are I^d, ^^^H 

And every height comes out, and jutting peak ^^^H 

I And valley, and the unmensurable heaveoa ^^^| 

I Break open to their highest, and all the atara ^^^| 

I Shine, and the shepbc^ gladdens in bis hcutt," > ^^^| 

If the half-savago Greek could share our feelings thua 
far, it is irrational to doubt that he went further, to 
find, aa we do, that upon that brief gladness there 
follows a certain sorrow, — the little light of awakened 
human inteUigeuce shines so mere a spark amidst the 
abyss of the unknown and unknowable ; seems so in- 
sufficient to do more than illuminate the imperfections 
that cannot be remedied, the aspirations that cannot be 
realized, of man's own nature. But in this sadness, this 
consciousness of the limitation of man, this sense of an 
open secret which he cannot penetrate, lies the essence of 
all religion ; and the attempt to embody it in the forma 
furnished by the intellect is the origin of the higher 
theologies. 

Thus it seems impossible to imagine but that the 
foundations of all knowledge — secular or sacred — ^were 
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laid when intelligence dawned, though the supcratnicture 
remained for long ages so sligbt and feeble as to be 
compatible with tlie existence of almost any general ■ 
view respcctinp; the mode of govemanee of the imiverso; J 
No doubt, from the first, there were certam phfenomenn 
which, to the rudest mind, presented a constancy ofl 
occurrence, and suggested that a fixed order ruled, at 
any rate, among them, I doubt if tlie grossest of Fetish 
worshippers ever imagined that a stone must have a 
god ■within it to make it f;ill, or thnt a fruit had a god 
within it to make it taste sweet. With regard to such 
mattera as these, it is hardly questionable that man- 
kind from the first took strictly positive and st-ientifi 
views. 

But, with respect to all the less familiar oecurrenceal 
which present themselves, imcultured man, no doubt, has 
always taken himself as the standard of comparison, aa 
the centre and measure of the world ; nor could he well 
avoid doing so. And finding that Lis apparently un- 
caused will has a powerful effect in giving rise to many 
occurrences, he naturally enough ascribed other and 
greater events to other and greater volitions, and came 
to look upon the world and all that therein is, as the 
product of the volitions of persons like himself, but 
stronger, and capable of being appeased or angered, aa 
he himself might be soothed or irritated. Through such 
conceptions of the plan and ■working of the universe all 
mankind have passed, or are passing. And we may now 
consider, what has heen the effect of the improvement 
of natural knowledge on the views of men who have 
reached this stage, and ■who have begun to cultivate 
natural knowledge with no desire but that of "increasing 
God's honour and bettering man's estate." 

For example: what could seem wiser, from a mere 
materia] point of view, more innocent, from a theological 
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one, to an ancient people, than that they ahouM learn 
the exact succession of the seasons, as warnings for their 
husbandmen; or the position of the stars, as guides to 
their rude navigators 1 But what has gi-own out of this 
search for natural knowledge of so merely useful a 
character ? You all know the reply. Astronomy, — 
which of all sciences has filled men's minds with general 
ideaa of a character most foreign to their daily ex- 
perience, and has, more than any other, rendered it 
impossible for them to accept the beliefs of their fathers. 
Astronomy,— which tells them that this so vast and 
seemingly solid earth is but an atom among atoms, 
whirling, no man knows whither, through ilhmitable 
space; which demonstrates that what we call the peace- 
ful heaven above ua, is but that space, filled by an 
infinitely subtle matter whose particles are seething and 
surging, like the waves of an angry sea ; which opens 
up to us infinite regions where nothing is known, or 
ever seems to have been known, but matter and force. 
Operating according to rigid rules ; which leads us to 
contemplate phaenomena the very nature of which 
demonstrates that they must have had a beginning, and 
that they must have an end, but the very nature of 
which also proves that the beginning was, to our concep- 
tions of time, infinitely remote, and that the end is 
immeasurably distant 

But it is not alone those who pursue astronomy wht»; 
ask for bread and receive ideas. What more harmless 
than the attempt to lift and distribute water by pumping 
it; what more absolutely and grossly utilitarian ? But 
out of pumps grew the discussions about Nature's 
abhorrence of a vacuum ; and then it was discovered 
that Nature does not abhor a vacuum, bat that air has 
weight ; and that notion paved the way for the doctrine 
that all matter has weight, and that the force which 
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protluces weight is coextensive with tho universe, — iu 
shorty to the theory of universal gravitation and endless 
force. While learning how to handle gases led to the 
discovery of oxygen, and to modem chemistry, and to 
the notion of the indestructibility of matter. 

Again, what simpler, or more absolutely practical, 
than the attempt to keep the axle of a wheel from 
iieatjng when the wheel turns round very fust? How 
useful for carters and gig drivers to know something 
about this ; and how good were it, if any ingenious 
jierson would find out the cause of such plisnoraena, 
I and thence educe a general remedy for them. Such 
. ingenious pereon was Count Itumford ; and he and 
3 successors have landed us in the theory of the per- 
•"BlBtence, or indestructibility, of force. And in the in- 
finitely minute, as in the infinitely great, the seekers 
after natural knowledge, of the kinds called physical and 
^—chemical, have everywhere found a definite order and 
^HAuccession of events which seem never to be infringed. 
^^^ And how has it fared with "Physick" and Anatomy? 
^B<Buv6 the anatomist, the physiologist, or the physician, 
^B:ivhose business it has been to devote themselves assi- 
^Hduously to that eminently practical and direct end, the 
^" alleviation of the sufi'erings of mankind, — ^have they 
been able to confine their vision more absolutely to the 
strictly useful ? 1 fear they are worst ofiendevs of all. 
For if the astronomer has set before us the infinite 
magnitude of space, and the practical eternity of the 
duration of the universe; if the physical an<i chemical 
philosophers have demonstrated the infinite minuteness 
of its constituent parts, and the practical eternity of 
mattor and of force ; and if both have alike prochiimed 
.ilie universality of a definite and predicable order and 
fQccossion of events, the workers in biology have not 
"oly accepted all these, but have added more startling 
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Mioses of tlicir own. For, as the astronoracra discover hi 
tlic enrt.Ii no centre of the universe, but an eccentric 
Bpi'clr, ao the naturalists find man to be no centre of 
the lii'ing world, but one amidst endless modifications 
of life ; and as the astronomer observes the mark of 
practically endless time set upon the arrangements of 
the solar system so the student of life finds the records 
of ancient forms of existeuee peopling the world for ages, 
which, in relation to human experience, are infinite. 

Furthennore, the physiologist finds life to be as 
dependent for ita manifestation on particular molecular 
axrangements as any physical or chemical pbtenomenon ; 
*nd, wherever he extends his researches, fixed ordei- 
and unchanging causation reveal themselves, as plainly 
AB in the rest of Nature. 

Nor can I find that any other fate has awaited the 
germ of Religion. Arising, like all other kinds or 
knowledf^e, out of the action and interaction of man's 
mind, with that which ia not man's mind, it has taken 
the intellectual coverings of Fetishism or Polytheism ; oi 
Theism or Atheism ; of Superstition or llationalism. 
With these, and their relative merits and demerits, 1 
have nothing to do ; but this it is needful for ray 

» purpose to say, that if the religion of the present difiers 
from that of the past, it is because the theology of the 
present has become more scientific than that of the past; 
because it has not only renounce<l idols of wood and 
idols of stone, but begins to see the necessity of breaking 
in pieces the idols built up of books and traditions and 
fine-spun eeelesiastical cobwebs : and of cherishing the 
noblest and most human of man's emotions, by worship 
"for the most part of the silent sort" at the altar of the 
[Jnknowu and Unknowable. 

Such are a few of the new conceptions implanted in 
OUT minds by the improvement of natural knowledge. 
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^H Men have acquired the ideas of the practically infinite 
^B extent of the universe and of its practical eternity; 
^B they are familiar with the conception that our earth 
^H is but an infinitesimal fi-agment of that pai-t of the 
^H universe ■which can be seen ; and that, neverthelcKS, ibJ 
^^ duration is, as compared with our standards <•{ time, 
infinite. They have further acquired the idea that mau 
is but one of innumerable forms of life now existing in 
the globe, and that the present existences are but the 
last of an immeasurable series of predecessors. More- 
over, every step they have made in natural knowledge 
baa tended to extend and rivet in their minds the con- 
ception of a definite order of the universe — which is 
embodied in what are called, by an unhappy metaphor, 
the laws of Nature — and to narrow the range and 
loosen the force of men's belief in spontaneity, or in 
changes other than such as arise out of that definite 
order itself. 

Whether these ideas are well or ill founded is not the 
question. No one can deny that they exist, and have 
been the inevitable outgrowth of the improvement of 
natural knowledge. And if so, it cannot be doubted 
that they are changing the form of men's most cherished 
I «nd most important convictions. 

And as regards the second point — the extent to which 

l|hc improvement of natural knowledge has remodelled 

»nd altered what may be termed the intellectual ethics 

«f men, — what are among the moral convictions most 

pfondly held by barbarous and semi-barbarous people? 

They fire the convictions that authority is the soundest 

lasia oi belief; that merit attaches to a readiness to 

wlieve ; that the doubting disposition is a bad one, 

ind scepticism a sin ; that when good autliority has 

hirojicuBced what is to l>e believed, and faith has ae- 
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ceptcd it, reason has no further duty. There are many 
excellent persons who yet hold by these principles, and 
it is not my present business, or intention, to discuss 
their views. All I wish to bring clearly before your 
minds is the unquestionable fact, that the improvement 
of natural knowledge is effected by methods which 
directly give the lie to all these convictions, and assume 
the exact reverse of each to be true. 

The improver of natural knowledge absolutely refuses 
to acknowledge authority, as such. For him, scepticism 
is the highest of duties ; blind faith the one unpardon- 
able sin. And it cannot be otherwise, for every great 
advance in natural knowledge has involved the absolute 
rejection of authority, the cherishing of the keenest 
scepticism, the annihilation of the spirit of blind faith ; 
and the most ardent votary of science holds his firmest 
convictions, not because the men he most venerates 
hold them ; not because their verity is testified by 
portents and wonders ; but because his experience teaches 
him that whenever he chooses to bring these convictions 
into contact with their primary source. Nature — when- 
ever he thinks fit to test them by appealing to experiment 

/ and to observation — Nature wnll confirm them. The 
man of science has learned to believe in justification, 

\ not by faith, but by verification. 

Thus, without for a mompnt pretending to despise 
the practical results of the improvement of natural 
knowledge, and its beneficial influence on material civili- 
zation, it must, I think, be admitted that the great 
ideas, some of which I have indicated, and the ethical 
spirit which I have endeavoured to sketch, in the few 
moments which remained at my disposal, constitute the 
real and permanent significance of natural knowledge. 

If these ideas be destined, as I believe they are, to 
be more and more firmly established as the world grows 
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older; if that spirit be fated, as I believe it is, to 
extend itself into all departments of human thought, and 
to become co-extensive with the range of knowledge ; if, 
as our race approaches its maturity, it discovers, as I be- 
lieve it will, that there is but one kind of knowledge and 
but one method of acquiring it ; then we, who are still 
children, may justly feel it our highest duty to recognise 
the advisableness of improving natural knowledge, and 
so to aid ourselves and our successors in their course 
towards the noble goal which lies before mankind. 



cv 




Quashie's plaintive inquiry, "Am I not a man and a 
brother 1 " seems at last to have recc^ived ita final reply — 
the recent decision of the fierce trial by battle on the 
other side of the Atlantic fully concurring with that long 
since delivered here in a more peaceful way. 

The question is settled ; but even those who are most I 
thoroughly convinced that the doom is just, must see 
good grounds for repudiating half the arguments which 
have been employed by the winning side ; and for 
doubting whether its ultimate results will embody the 
hopes of the victors, though they may more than realize 
the fears of the vanquished. It may be quite true that 
some negroes are better than some white men ; but no 
rational man, cognizant of the facts, believes that the 
average negro is the equal, still less the superior, of the 
average white man. And, if this be trne, it is simply 
incredible that, when all his disabilitiea arc removed, and 
our prognathous relative has a fair field and no favour, 
as well as no oppressor, lie will be able to compete 
Buccessfully with his bigger-brained and emaller-jawecl' 
rival, in a contest which is to be carried on by thoughtsi 
and not by bites. The highest places in the hierarchy of 
civilization will assuredly not be within the reach of our 
dusky cousins, though it is by no means nccessaiy that 
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tliey sLoiiId be rostiicted to the lowest. But wLatevcr 
the position of stable equilibrium into which the laws of 
Bocial gravitation may bring the negro, all responsibility 
for the result will henceforward lie between Nature and 
him. The white man may wash hia hands of it, and the 
Caucasian conscience be void of reproach for evermore. 
And this, if we look to the bottom of the matter, is the 
real justification for the abolition policy. 

The doctiine of equal natural rights may be an illogical 
delusion; emancipation may convert the slave from a 
well fed animal into a pauperised man ; mankind may 
even have to do without cotton shii-ts ; but all tisse evils 
must be faced, if the moral law, that no hunian being 
can arbitrarily dominate over another without grievous 
damage to his own nature, be, as many think, as readily 
demonstrable by experiment as any physical truth. If 
this be true, no slavery can be abolished without a double 
emancipation, and the master will benefit by freedom 
more than the fr-eed-man. 

The like considerations apply to all the other questions 
of emancipation which are at present stiixing the world — 
the multifarioua demands that classes of mankind shall 
be relieved from restrictions imposed by the artifice of 
man, and not by the necessities of Nature. One of the 
moat important, if not the moat important, of all these, is 
that which daily threatens to become the " irrepressible " 
woman question. What social and political rights have 
women ? What ought they to be allowed, or not allowed 
to do, be, and suffer? And, as involved in, and under- 
lying all these questions, how ought they to be educated? 

There are philogynists as fanatical as any " niisogu- 
uiste" who, revei-sing our antiquated notions, bid the 
man look upon the woman as the higher type of 
humanity ; who ask us to regard the female intellect as 
clearer and the qui'.-kcTi if not the stronger ; who 
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dcaire us to look up to the feminiue moral sense as the 
purer and the nobler; and bid man abilicate liia usm-ped 
dovoreignty over Nature in favour of tlie female line. 
(Jn tbe other hand, there are persona not to be outdone 
iu all loyalty and just respect for woman-kind, but by 
nature hard of head and haters of delusion, howevex__ 
charming, who not only repudiate the new woma: 
worship which so many sentimentalists and some phil« 
sophers are desirous of setting up, but, carrying thei 
audacity further, deny even the natui-al equality of tl' 
sexes. They assert, on the contrary, that in erei 
excellent character, whether mental or physical, tl 
average woman is inferior to the average man, in the 
sense of having that character less in quantity, and lower 
in quality. Tell these persons of the rapid perceptions and 
the instinctive intellectual insight of women, and they 
reply that the feminine mental peculiarities, which pass 
under these names, are merely the outcome of a greater 
impressibility to the superficial aspects of things, and of 
the absence of that restraint upon expression, which, in 
men, is imposed by reflection and a sense of responsibility. 
Talk of the passive endurance of the weaker sex, and 
opponents of this kind remind you that Job was a man, 
and that, untU quite recent times, patience and long- 
sufiering were not counted among the specially feminino 
vii'tues. Claim passionate tenderness as especially 
feminine, and the inquiry is made whether all the best 
love-poetry in existence (except, perhaps, the "Sonnets J 
from the Portuguese " ) has not been written by men ; | 
whether the song which embodies the ideal of pure ancliJ 
tender passion — Adelaida — was written by Frait, Beeth-Aj 
oven ; whether it was the Fornarina, or Eaphael, whttV 
painted the Sistine Madonna. Nay, we have known onotl 
such heretic go so far as to lay his hands upon the arltl 
itself, so to spiiak, and to defend the startling paradox' | 
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that, even in physical beauty, man is the Buperiiir, He 
Bdmitt(;d, indeed, that there was a brief period of early 
youth when it might be hard to say whether the piize 
should be awarded to the graceful uudulations of the 
female figure, or the perfect balauce and supple vigour of 
the male frame. But while our new Paris might hesitate 
between the youthful Bacchus and the Venus emerging 
from the foam, he averred that, when Venus and Bacchus 
had reached thirty, the point no longer admitted of a 
doubt; the male form having then attained its greatest 
nobility, while the female is far gone in decadence ; and 
that, at this epoch, womanly beauty, so far as it is inde- 
[ pendent of grace or expression, is a question of drapery 
^ and accessories. 

Supposing, however, that aU these arguments have a 
certain foundation ; admitting for a moment, that they 
are comparable to those by which the inferiority of the 
negro to the white man may be demonstrated, are they 
of any value as against woman-emancipation 1 Do they 
afford us the smallest ground for refusing to educate 
women as well as men- — to give women the same civil 
and political rights as men % No mistake ia so commonly 
made by clever people as that of assuming a cause to be 
bad because the arguments of its supporters are, to a 
great extent, nonsensical. And we conceive that those 
who may laugh at the arguments of the extreme 
p])ilogyniat3, may yet feel bound to work heart and soul 
towards the attainment of their practical ends. 

As regards education, for example. Granting the 
alleged defects of women, is it not somewhat absurd to 
Bauction and maintain a system of education which 
would seem to have been specially contrived to es- 
n^erate all these defects 1 

Naturally not so firmly strung, nor so well balanced, 
as boys, girls are in ^at measure debarred from tha 



24 JUr SERMO.VS, JDDRESSE3, AXD REFIEWS [a., 

Bports and pliysical esorcises which ai-e justly thought 
absolutely necessary fur tlie full developmeut of the 
vigour of the more favoured sl'x. Women are, by nature, 
more excitable than men — prone to be swept by tides of 
emotion, proceeding from bidden and inward, as well aa 
from obvii>U3 and external causes ; and female educatiou 
does its best to weaken every physical counterpoise to 
this nervous mobility — tends in all ways to stimulate the 
emotional part of the mind and stunt the rest. We find 
girls naturally timid, inclined to dependence, born con- 
servatives; and we teach them that independence is 
unladylike ; that bUnd faith is the right frame of mind ; 
and that whatever we may be permitted, and indeed 
encouraged, to do to our brother, our sister is to be left 
to the tyranny of authority and tradition. With few 
insignificant exceptions, gh'ls have been educated either 
to be drudgc3, or toys, beneath man ; or a sort of angela 
above him ; the highest ideal aimed at oscillating between 
Clarchen and Beatrice. I'he possibility that the ideal 
womanhood lies neither in the fair saint, nor in the fi 
sinner; that the female type of character is neithei 
better nor worse than the m-ile, but only weaker ; that 
women are meant neither to be men's guides nor theii 
playthings, but their comrades, their fellows and their 
equals, so far as Nature puts no bar to that equality, doea, 
not seem to have entered into the minds of those who 
have had the conduct of the education of girla. , 

If the present system of female education stands self- 
condemned; as inlierently absurd ; and if that wliieh we 
have just indicated is the true position of woman, what 
is the first step towards a better state of things ? We 
reply, emancipate girls. Eecognise the fact that they 
shai-e the senses, perceptions, feelings, reasoning powers, 
emotions, of boys, and that the mind of the average girl 
is less diirerent from that of the average boy, than the 
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mind of one boy is from that of another ; so that what- 
ever argument justifies a given educatiou for all boys, 
justifies its application to giils as well. So far from 
imposing artificial restrictions upon the acquirement of 
koowledge by women, thro^' every facility in their way. 
'jet our Faustinas, if they will, toil through the whola^_ 

"JiuHsterel nnd Sledi^n, ^^^H 

Uud leider! uuch Philosophie. " ^^^| 

liet us have "sweet girl graduates" by all means. They 
l^rill be none the less sweet for a little wisdom ; and the 
"golden hair" will not curl less gracefully outside the 
head by reason of there being bruins within. Nay, if 
obvious practical dilbculties can be overcome, let those 
women who feel inclined to do eo descend into tlie 
gladiatorial arena of life, not merely in the guise of 
reliarim, as heretofore, but as bold sicarics, breasting the 
open fray. Let them, if they so please, become mer- 
chants, barristers, politiciana Let them have a fair field, 
but li:t them understand, as the necessary correlative, 
that they ai-e to have no favour. Let Nature alone sit 
high above the lists, " rain influence and judge the 
prize." 
^L And the result ? For our parts, though loth to 
^HBrophcsy, we beUeve it will be that of other emanci- 
^^utions. Women will hud their place, and it will neither 
^He that in which they have been held, nor that to which 
^Bome of them aspira Nature's old saliqiie law will not 
^Be repealed, and no change of dynasty will be effected. 
The big chests, the massive brtiins, the vigorous muscles 
and stout frames, of the best men will carry the day, 
whenever it is worth their while to contest the prizes of 
Me with the best women. And the hardship of it i(^~ 
lat the Tcry improvement of the women will lesseM 
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their cliancca. Better mothers will bring forth better 
sons, and the impetus gained by the one sex will be 
transmitted, in the next generation, to the other, "the 
most Darwinian of theorists will not venture to pro- 
pound the doctrine, that the physical disabilitiea under 
which women have hitherto laboured, in the struggle for _ 
existence with men, are likely to be removed by even tlii 
most skilfully conducted process of educational selection. 

We are, indeed, fully prepared to believe that th« 
bearing of children may, and ought, to become as fre^ 
from danger and long disability, to tlie civilized wcrma] 
as it is to the savage ; nor is it improbable that, 
society advances towards its right organization, mother- 
hood will occupy a less space of woman's life than it has 
hitherto done. But still, unless the human species is to 
come to an end altogether — a consummation which can 
hardly be desired by even the most ardent advocate of 
" women's rights " — somebody must be good enough to 
take the ti-ouble and responsibility 6i annually adding to 
the world exactly as many people as die out of it In 
consequence of some domestic difficulties, Sydney Smith 
is said to have suggested that it would have been good 
for the human race had the model offered by the hive 
been followed, and had aU the working part of the female 
community been neuters. Failing any thorough-going 
reform of this kind, we see nothing for it but the old 
division of humanity into men potentially, or actually, 
fiithers, and women potentially, if not actually, mothers. 
And we fear that so long aa thig potential motherhood is 
lier lot, woman will be found to be fearfully weighted iu 
the race of life. 

The duty of man is to see that not a grain is \ 
upon that load beyond what Nature imposes; thai 
injustice is rot added to inet^unlity. 
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TnE liusincsa whict the SoutL LoulIoh AVorkrag Men's 
College liaa undertaken is a great work ; iiideecl, I might 
say, that Education, with which that college proposes to 
grapple, is the greatest work of all those which lie ready 
to a man's band just at present. 

And, at length, this fact is becoming generally recog- 
nised. You cannot go anywhere witliout hearing a buzz 
of more or less confused and contradictory talk on this 
subject — nor can you fait to notice that, in one point at 
any rate, there is a very decided advance upon like 
discussions in foi-mer daya. Nobody outside the agri- 
cultural interest now dares to say that education is a 
bad thing. If any representative of the once large and 
powerful party, which, in former daj^s, proclaimed this 
opinion, still exists in a semi-fossU state, he keeps his 
thoughts to himself. In fact, there is a chorus of voices, 
almost distressing in their harmony, raised in favour of 
the doctrine that education is the great panacea for 
"lUman troubles, and that, if the country is not shortly 

go to the dogs, everybody must be educated. 

The politicians tell us, " you must educate the masses 
liecause they are going to be masters." The clergy join 
ID the cry for education, for tliey affirm that the people 
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nre drifting away from cburdi and chapel into the 

broadest infidelity. The manufacturera and the capita- 
lists swell the chorus lustily. They declare that igno- 
rance makes bad workmen ; that England will soon 1>6 
unable to turn out cotton goods, or steam engines, 
cheaper than other people ; and then, Ichabod I Ichabod I 
the glory will be departed from ns. And a few voices 
are lifted up in favour of the doctrine that the masses 
should be educated because they are men and women 
with unlimited capacities of being, doing, and eufiering,, 
and that it is as true now, as ever it was, that the people- 
perish for lack of knowledge. 

These members of the minority, with whom I conff 
I have a good deal of sympathy, are doubtful whethi 
any of the other reasons urged in favour of the educatioi^ 
of the people are of much value — -whether, indeed, some 
of them are based upon either wise or noble grounds of 
action. They question if it be wise to tell people that 
you will do for them, out of fear of their power, what 
you have left undone, so long as your only motive waa 
compassion for their weakness and their sorrows. And, if 
ignorance of everything which it is needful a ruler should 
know is likely to do so much harm in the governing 
classes of the future, why is it, they ask reasonably 
enough, that such ignorance in the governing classes of 
the past has not been viewed with equal horror \ 

Compare the average artisan and the average country 
squire, and it may be doubted If yoa will find a pin to 
choose between the two in point of ignorance, class 
feeling, or prejudice. It is true that the ignorance is of 
a ditfereut sort — that the class feeling is in favour of a 
different class, and that the prejudice has a distinct 
favour of wrong-headedncss in each case — but it is 
questionable if the one is either a bit better, or a bit 
worse, than the other. The old protectionist theoiy is 
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rihc doctrioe of trades uniong as applied by tlie squires, 
l.snd the modern trades unionism is the doctrine of the 
lequii-es applied by the artisans. Why should we be 
f worse off under one regime than under the other ? 

Again, this sceptical minority aska the clergy to think 

I whether it is really want of education -which keeps the 

masses away from their miuistrations — whether the most 

completely educated men are not as open to reproach on 

this score as the workmen ; and whether, perchance, this 

Lmay not indicate that it is not education which lies at 

■ the bottom of the matter ? 

r Once more, these people, whom there is no pleasing, 

venture to doubt whether the glory, which rests upon 

being able to undersell all the rest of the world, is a very 

safe kind of glory — whether we may not purchase it too 

Ldear; especially if we allow education, which ought to 

llje directed to the making of men, to he diverted into a 

r process of manufactming human tools, wonderfully adroit 

in the exercise of some technical industiy, but good for 

nothing else. 

And, finally, tliese people inquire A^hethcr it i.s the 

L masses alone who need a reformed and improved educa- 

l.tion. They ask whether the richest of our public schools 

r might not well be made to supply knowledge, as well as 

gentlemanly habits, a strong class feeling, and eminent 

proficiency in cricket. They seem to think that the noble 

foundations of our old universities are hardly fulfilling 

their fnuctious in their present posture of half-clerical 

seminaries, half racecourses, where men are trained to 

win a senior ■wTanglership, or a double-first, as horses arc 

trained to win a cup, witn as little reference to the needs 

of after-life in the case of the man as in that of the 

racer. And, while as zealous for education as the rest, 

Vthey affirm that, if the education of the rieher classea 

I'lrere Buch as to fit them to be the leaders and the 
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govemoi-s uf the poorer ; and, if the education of the 
poorer clfiaaes were such as to enable them to appreciate 
really wise guidance and good governance ; the politicians 
need not fear mob-law, nor the clergy lament their want 
of flocks, nor the capitalists prognosticate the annihilation 
of the pro8[)erity of the countiy. 
^ Such is the divevsifcy of opinion upon the why and the 
^Jf'Wterefore of education. And my bearers \\-ill be pre- 
I pared to expect that the practical recommendations 
which are put forward are not less discordant. There is 
a loud cry for compulsory education. We English, in 
spite of constant experience to tlie contrary, preserve a 
touching faith in the efficacy of acts of parliament; and 
1 believe we should have compulsory education in the 
course of nest session, if there were the least probability^^ 
that half a dozen leading statesmen of different partioa^H 
would agree what that education should be. 4^^| 

Some hold that education without theology is worse thffl^^f 
none. Others maintain, quite aa strongly, that educa^^l 
tion with theology is in the same predicament. But thul^^| 
is certain, that those who hold the first opinion can by nQ^^| 
means agree what theology should be taught ; and thsS^H 
those who maintain the second are ui n. small minority. : ^H 
At any rate "make people leaiu to read, write, ancE.^H 
cipher," say a great many ; and the advice is tui^^H 
doubted]y sensible as fur as it goes. But, as haA'^H 
happened to me in former days, those who, in despair o£^H 
getting anything better, advocate this measure, are m^^^f 
with the objection that it is very like making a cliilo^^f 
practise the use of a knife, fork, and spoon, withou^^H 
giving it a particle of meat. I really don't know wba^^f 
reply is to be made to such an objection. "^H 

But it would be unprofitable to spend more time m'^H 
disentangling, or rather in showing up the knots in, tho-i^H 
ravelled skeins of our neighboui's. iluch more to tht "^1 
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pm-poae is it to ask if wc possess any clue of our own 
which may guide us among these entanglements. And 
Ly way of a beginning, let us ask ourselves — What is 
education ? Above all things, what is our ideal of a 
thoroughly liberal education? — of that education which, 
if we could begin life again, we would give ourselves — 
of that education which, if we could mould the fates to 
our own will, we would give our children. AYcll, I know 
not what may be your conceptions upon this matter, 

L but I will tell you mine, and I hope I shall find that our 

I Tiewa are not very discrepant. 

Suppose it were perfectly certain that the life and 
fortune of every one of us would, one day or other, 
depend upou his winning or losing a game at cliess. 
Don't you think that we should all consider it to be a 
primai-y daty to learn at least the namt:s and the moves 
of the pieces ; to have a notion of a g;i.mbit, and a keen 

^eye for all the means of giving and getting out of check? 
Do you not think that we should look with a disappro- 
bation amounting to scorn, upon the father who allowed 
his son, or the state which allowed its members, to grow 
up without knowing a pawn from a knight ? 

Yet it is a very plain and elementary truth, that the 
life, the fortune, and the happiness of every one of us, 
and, more or less, of those who are connected with ua, do 
depend upon our knowing sometliing of the rules of a 
game infinitely more difficult and complicated than chess. 
It is a game which hiis been played for untold ages, every 
man and woman of us being one of the two players in a 
game of his or her own. The chess-board is the world, 
the pieces are the phenomena of the universe, the rules 
of the game are what we call the laws of Nature. The 
^player on the other side is hidden from us. We know 
~;liat his play is always fai^, just, and patieni» Cut also 
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we kuow, to our cost, that hfi never overlooks a mistakf*, 
or makes tUe smallest allowance for ignorance. To the 
man who plays well, the highest stakes are paid, with that 
sort of overffowiug generosity with which the strong 
shows delight in strength. And one who plays ill is 
checkmated — without haste, but without remorse. 

My metaphor will remind some of you of the famous 
picture in which Retzach has depicted Satan playing at 
chess with man for his souk Substitute for the moddng 
fiend in that picture, a calm, strong angel who ia playing 
for love, as we say, and would rather lose than win — and 
I should accept it as an image of human life. 

Well, what I mean by Education is learning the ralea 
of this mighty game. In other words, education is the 
instruction of the intellect in the laws of Nature, under 
which name I include not merely things and their forces, 
but men and their ways ; and the fashioning of tho 
affections and of the will into an earnest and loving 
desire to move in harmony with those laws. For me, 
education means neither more nor less than this. Any- 
thing which professes to call itself education must be 
tried by this standard, and if it fails to stand the teat, 1 
will not call it education, whatever may be the force of 
authoiity, or of numbers, upon the other side. 

It ia iraportsint to remember that, in strictness, there 
is no such thing as an uneducated man. Take aa ex- 
treme case. Suppose that an adult man, in the full 
vigour of bis faculties, could be suddenly placed in the 
world, as Adam is said to have been, and then left to 
do as he best might. How long would he be left 
uneducated ? Not five minutes. Nature would begin 
to teach him, tlirough the eye, the ear, the touch, the 
properties of objects. Pain and pleasure would be at his 
elbow telling him to do this and avoid that; and by slow 
dogi-ees the man would receive an cduca,tiun, which, if 
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narrow, would be thorough, real, and adequate to his 
circumstances, though there would be no extras and veiy 
few accompHsliTneiita. 

And if to this solitary man entered a second Adam, 
or, better still, an Eve, a new and greater work], that of 
social and mora! phenomena, would be revealed Joya 
and woes, compared with which all othera might seem 
hut faint shadows, would spring from the new rcLitions. 
Happiness and sorrow would take the place of the 
ooarser monitors, pleasure and pain ; but conduct would 
still be shaped by the observation of the natural conse- 
quences of actions ; or, in other words, by the laws oi 
.■the nature of man. 

\ To every one of us the world was once as fresh and 
now as to Adara. And then, long before we were sus- 
ceptible of any other mode of instruction. Nature took 
us in hand, and every minute of waking life brought its 
educational influence, shaping our actions into rough 
accordance with Nature's laws, so that we might not be 
ended untimely by too gross disobedience. Nor should 
I speak of this process of education as past, for any one, 
be he as old as he may. For evcijy man, the world is as 
fresh as it was at the first day, and as full of untold 
novelties for him who has the eyes to see them. And 
Nature is still continuing her patient education of us in 
that great university, the universe, of which we are all 
members — Nalnre having no Test-Acts. 

Those who take honours in Nature's university, who 
!am the laws which govern men and things and obey 
ISiem, are the really great and successful men in this 
world. The great mass of mankind arc the " Poll," who 
pick up just enough to get through witliout much dis- 
credit Those who won't learn at all are plucked; and 
then you can't come xip again. Naturc'a pluck means., 
extermination. 
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Thus the quesrion of compulsory education is aettli 
■0 far as Nature is concerned. Her bill on that questii 
was framed and passed loiif; ago. But, like all com- 
pulaorj- legislation, that of Nature is harah and wastefnt 
in its operation. Ignorance is visited as sharply as 
wilful disobedience — incapacity meets with the same 
punialiment as crime. Nature's discipline is not even a 
word and a blow, and the blow first ; but the blow 
without the word. It ia left to you to find out why 
your cars are boxed. 

The o\)icct of what we commonly call education — that 
education in which man intervenes and which I shall 
distinguish as artificial education — is to make good these 
defects in Nature's methods; to prepare the child to 
receive Nature's education, neither incapably nor igno- 
rantly, nor with wilful disobedience ; and to understand 
the preliminary symptoms of her displeasure, without 
waiting for the bos on the car. In short, all artificial 
education ought to be an anticipation of natural educa- 
tion. And a liberal education is an artificial education, 
which has not only prepaied a man to escape the 
great evils of disobedience to natural laws, but has 
trained him to appreciate and to seize upon the rewards, 
which Nature scattera with as free a hand as her 
penalties. 

That man, I think, has had a liberal education, who 
has been so trained in youth that bis body is the ready 
Bervant of his will, and does with ease and pleasure all 
the work that, as a mechimisni, it is capable of ; whose 
intellect is a clear, cold, logic engine, with all its parts 
of equal strength, and in smooth working order ; ready, 
like a steam engine, to be turned to any kind of work, 
and spin the gossamers as well as forge the anchors of 
die mind ; whose mind is stored with a knowledge of 
bho grcnt and fundamental truths of Nature and of the 
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I of licr opi'rationa ; one who, no stuntcci ascetic, is 
ill of life and fire, but whoso passions are trained to 
tcome to heel hj a vigorous will, the servant of a tender 
conscience; who has learned to love all beauty, whether 
of Nature or of art, to hate all vileness, and to respect 
athers as himself 

Such an one and no other, I conceive, has had a liberal 
education ; for he is, as completely as a mau can be, in 
harmony with Nature. He wiU make the bost of her, 
and she of bim. They will get on together rarely ; she 
lis his ever beneficent mother ; he as her mouth-piece, 
her conscious self, her minister and interpreter. 

TVhore is such an education as this to be had ? 

Vht're is there any approximation to it? Has any one 

tried to found such an education ? Looking over the 

jength and breadth of these islands, I am aft-aij that all 

liiiese questions must receive a negative answer. Con- 

fBider our primary schools, and what is taught in them. 

jA child learns: — 

1. To read, write, and cipher, more or less well; hut 
fija a very large proportion of cases not so well as to take 
Pltoleasure in reading, or to be able to write the commonest 
I letter properly. 

2. A quantity of dogmatic theology, of which the 
child, nine times out of ten, understands next to nothing, 

3. Mixed up with this, so as to seem to stand or fall 
with it, a few of the broarlest and simfilcst principles of 
morality. This, to my mind, is much as if a mau of 
Bcience should make the story of the fall of the apple in 
Newton's garden, an integral part of the doctrine of 
gmvitation, and teach it as of equal authority with thu 
law of ihe inverse squares, 

J 4. A good deal of Jewish history and Syrian gco- 
Igtaphy, and, perhaps, a little eomething about English 
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histoiy and tlie geography of tbe child's own couatiy. 
But I doubt if tbere is a piimaiy school in England ia 
which hangs a map of the hundred in which the village 
lies, so that the children may be practically taught by it 
what a map means. 

5. A certain amount of regularity, attentive obedience, 
respect for others : obtained by fear, if the master be in- 
competent or foolish ; by love aud reverence, if he be wise. 

So far as this school course embraces a training in 
the theory and practice of obedience to the moral laws 
of Nature, I gladly admit, not only that it contains a 
valuable educational element, but that, so far, it deals 
with tlie most valuable and important part of all educa- 
tion. Yet, contrast what is done in this direction with 
what might be done ; with the time given to matters of 
comparatively no importance ; with the absence of any 
attention to things of the highest moment ; and one is 
tempted to think of Falstatf's bill and "the halfpenny 
worth of bread to all that quantity of sack," 

I<et U3 consider what a child thus " educated " knows, 
and what it does not know. Begin with the most im- 
portant topic of all — morality, as the guide of conduct 
The child knows well enough that some acts meet with 
approbation and some with disapprobation. But it has 
never heard that there liea in the nature of things a 
reason for every moral law, as cogent and as well defined 
as that which underlies eveiy physical law ; that stealing 
and lying are just as certain to be followed by evU 
consequences, as putting your hand in the fire, or jump- 
ing out of a garret window. Again, though the scholar 
may have been made acquainted, in dogmatic fashion, 
with the broad laws of morality, he has had no training 
in the application of those laws to the difficult problems 
which result from the complex conditions of modem 
: civilization. "Would it not be very hard to expect any one 
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to Bolvo a problem in conic sections who had merely been 
taugbt the axioms and definitions of mathematical science? 
A workman hag to bear hard labonr, and perliapa 
privation, whde he gccs others rolling in wealth, and 
feeding their doga with what would keep his children 
from starvation. "Would it not be well to have helped 
that man to calm the natural promptings of 'discontent 
by showing him, in his 3'outli, the necessary connexion 
of the moral law which prohibits stealing with the 
stability of society — by proving to him, once for all, that 
it is better for lus own people, better for himself, bettj?r 
for future generations, that he should starve than steal ? 
If you have no foundation of knowledge, or habit of 
thought, to work upon, what chance have you of jjersua- 
ding a hungry man that a capitalist is not a thief "with 
a circumbendibus 1 " And if he honestly believes that, of 
what avad is it to quote the commandment against stcal- 

Iing, when he proposes to make the capitalist disgorge 1 
I Again, the child learns absolutely nothing of the 
^tory or the political organization of his own country. 
pis general impression is, that everj-thing of much im- 
boi-tance happened a very long while ago ; and that the 
Rueen and the gentlefollis govern the country much 
hfter the fashion of King David and the elders and 
nobles of Israel — his sole models. Will you give a man 
with this much information a vote \ In easy times he 
^—Eclla it for a pot of beer. Why should be not ? It is of 
^Hibout as much use to bira as a chignon, and he knows as 
^Hpuch what to do with it, for any other purpose. In bad 
^Btimes, on the contrary, he applies bis simple theory of 
government, and believes that his rulers are the cause of 
uia euffeiings— a belief which sometimes bears remark- 
able practical fruits. 

Least of all, does the child gather from this primary 
" ©iucation " of ours a conception of the laws of the 
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pliysicul world, or of the relations of cause and i 
tliereiu. And this is the more to bo lamented, a8 1 
[Kjnr are especially exposed to physical evils, and i 
more interested iu removing them than any other class 
of the community. If any one is concerned in knowing 
the onlinary laws of mechanics one would think it is the 
hand-lai)0urer, whose daily toil lies among levers and 
pulleys ; or among the othisr implements of artisan work. 
And if any one is interested in the laws of health, it is 
the poor workman, whose strength is wasted by iU-prc- 
pared food, whose health is sapped by bad ventilation and 
bad drainage, and half whose children are massacred by 
disorders which might be pi-cvented. Not only does our 
present primary education carefully abstain from hinting 
to the workman that some of his greatest evils are trace- 
able to mere physical agencies, whicU could be removed 
by energy, patience, and foigality ; but it docs worse — 
it renders him, so far as it can, deaf to those who could 
help him, and tries to substitute an Oriental submission 
to what is falsely declared to be the will of God, for his 
natural tendency to strive after a better condition. 

"What wonder then, if very recently, an appeal has 
!bcen made to statistics for the profoundly foolish pur- 
pose of showing that education is of no good — that it 
diminishes neither misery, nor crime, among the masses of 
mankmd ? I reply, why should the thing wliieh has 
been called education do either the one or the other 1 If 
I am a knave or a fool, teaching me to read and write 
won't make me less of either one or the other — unless 
Eiomebody shows me how to put my reading and writing 
to wise and good purposes. 

Suppose any one were to argue that medicine ia of no 
Use, because it could bo proved statistically, that the 
percentage of deaths was just the same, among people 
who had been taught how to open a medicine chest, and 
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^^Elunong those who did uot so much as know the key by 

^Hsight The argument is absurd ; lait it is not more 

^^ preposLTOus than that against which I am coutending. 

The only medicine for autfering, crime, and all the other 

woes of mankind, is wisdom. Teach a man to read and 

■ write, and yon have put into hia hands the great keys of 
the wisdom box. But it is quite another matter whether 
he ever opens the box or not. And he is as likely to 
poison as to cure himself, if, without guidance, he 
swallows the first drug that comes to hand. In these 
times a man may as well be purblind, as unable to rciul 
—lame, as unable to write. But I protest that, if I 
I -thought the alternative were a necessary one, I woidd 
[rather that the children of the poor should grow up 
I ignorant of both these mighty arts, than that they should 
remain ignorant of that knowledge to which these arts 
(are meana 

It may be said that all these animadversions may 

apply to primary schools, but that the higher schools, at 

■any rate, must be allowed to give a liberal education. 

Iln fact, they professedly sacrifice everything else to this 

■■object. 

Let us inquii-e into this matter. What do the higher 
■'Schools, those to which the great middle class of the 
[country sends it children, teach, over and above the iu- 
[Btruction given in the primary schools ? There is a little 
■.snore reading and writmg of English. But, for all that, 
Mvery one knows that it is a rare thing to find a boy of 
I the middle or upper classes who can read aloud decently, 
or who can put his thoughts on paper in clear and gram- 
matical (to say nothing of good or elegant) language. 
The " ciphering" of the lower schools expands into 
L elementary mathematics in the higher ; into arithmetic, 
Iwith a little algebra, a little Eu-did. But I doubt if 
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one boy in five hundred has ever heard the esplanation 
of a rule of aritlimctic, or knows hia Euclid otherwise 
than by rote. 

Of theology, the middle class schoolboy gets rather 
leas than poorer children, less absolutely and less rela- 
tively, because there are so many other elaima upon his 
attention, I venture to say that, in the great majority 
of cases, his ideas on this subject when he leaves , school 
are of the most shadowy and vague description, and 
associated with painful impressions of the weary hours 
spent in learning collects and catechism by heart. 

Modern geography, modem history, modem literature , 
the English language as a language ; the whole circle 
of the Bciences, physical, moral, and social, are even 
more completely ignored in the higher than in the lower 
schools. Up till within a few years back, a boy might 
have passed tlirough any one of the great public schools 
with the greatest distinction and credit, and might never 
60 much as have heard of one of the subjects I have 
iust mentioned. He might never have heai-d that the 
earth goes round the sun ; that England underwent a 
great revolution in 1088, and France another in 1789 ; 
that there once lived curtain notable men called Chaucer, 
Shakspeare, Milton, Voltaire, Goethe, Schiller. The first 
might be a German and the last an Englishman for any- 
thing he could tell you to the contrary. And as for 
science, the only idea the -word would suggest to his 
mind would be dexterity in boxing. 

I have said that this was the state of things a fe' 
years back, for the sake of the few righteous who are 
to be found among the educational cities of the plain. 
But T would not have you too sanguine about the result, 
if you sound tbe miuds of the existing generation of 
public Schoolboys, on such topics as those I have 
mentioned. 
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Now Tct us pause to conaiclf^r this wonderful stato of 
affairs; for the timo will eotne when Eiigliahmcn will 
quote it as the stock example of the stolid stupidity of 
their ancestors in tho nineteenth century. The most 
thoroughly commercial people, the greatest voluntary 
wanderers and colonists the world has ever seen, are 
precisely the middle classes of this country. If there be 
a people which has been busy making history on the 
great scale for the last three hundred years — and the 
most profoundly interesting history — history which, if 
it happened to be that of Greece or Eome, we should 
study with avidity — it is the English. If there be a 
people which, during the same period, has developed a 
remarkable literature, it is our own. If there be a 
nation whose prosperity depends absolutely and wholly 
upon their mastery over the forces of Nature, upon their 
intelligent apprehension of, and obedience to, the laws 
of the creation and distribution of wealth, and of the 
stable equilibrium of the forces of society, it is pre- 
cisely this nation. And yet this is what these wonderful 
people tell their sons : — " At the cost of from one to two 
thousand pounds of our hard earned money, we devote 
twelve of the most precious years of your lives to school. 
There you shall toil, or be supposed to toil ; but there 
on shall not learn one single thing of all those you will 
aost want to know, directly you leave school and enter 
upon the practical business of life. You will in all 
probability go into business, but you shall not know 
■where, or how, any article of commerce is produced, or 
the difference between an export or an import, or tho 
meaning of the word 'capital.' You will very likely settle 
in a colony, but you shall not know whether Tasmania 
is part of New South Wales, or vice versd. 

" Veiy probably you may become a manufacturer, but 
[OU shall not be provided with the means of under- 
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stAQding till! working of one of your own steam-engim 
or the nature of tbe raw products you employ ; au 
when you are usked to buy a patent, you shall not hav' 
the slightest means of judging whether the inventor is 
«& impostor who is contravening the elementary prin- 
ciples of science, or a man who will make you as ricii 
as Croesus. 

" You will very likely get into the Houae of Oommonaij 
You will hf.ve to t^ike your share in makitig laws which 
may prove a blessing or a curse to millioua of men. 
Rut you shall not bear one word respecting the political 
organization of your country; the meaning of the con-,^ 
teoversy between freetraders and protectionists shi " 
never have been mentioned to you ; you shall not 
much as know that there are such things as economi( 
luwa. 

" The mental power which will be of most importai 
in your daily life will be the power of seeing things 
they arc without regard to authority ; and of drawing 
accurate general conclusions fi'om particular facts. But 
at school and at college you shall know of no source of 
truth but authority ; nor exercise your reasoning faculty^ 
upon anything but deduction from that which is 
down by authority. 

" You will have to weaiy your soul with wo:k, and- 
juauy a time eat your bread in sorrow and in bitterness, 
and you shall not have learned to take refuge in the 
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^K;jJace for worn human nature, — the world of ai-t. 

r^i Said I not rightly that we are a wonderful people ! 
ll am quite prepared to allow, that education entirely 
devoted to these omitted subjects might not be a com- 
pletely liberal education. But is an education which 
Ignores them all, a liberal education? Nay, is it too 
much to say that the education which should embrace 
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freat source of pleasure without aUoy, the serene resting- ^1 
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tliese eubjeets and no others, would be a real educa- 
tion, though au incomplete one ; while an education 
which omita them is really not an education at 
all, but a more or leas useful course of iutcUectual 
gymnastics 1 

»T'or what docs the middle-class school put in the place 
-of all these things which are left out 1 It substitutes 
what ia usually comprised under the compendious title 
of the " classics " — that is to say, the languages, the 
literature, and the history of the ancient Greeks and 
Romans, and the geography of so much of the world 
as was known to these two great nations of antiquity. 
Now, do not espeet me to depreciate the earnest and 
enlightened pursuit of classical learning. I have not 
the least desire to speak ill of such occupations, nor 
any sympathy with those who run them down. On 
the contrary, if my opportunities had lain in that di- 
rection, there is no investigation into which I could 
have thrown myself with greater delight than that of 
antiquity. 

"What science can present greater attractions than 
philology ? How can a lover of literary excellence fail 
to rejoice in the ancient masterpieces? And with what 
consistency could I, whose business lies so much in the 
attempt to decipher the past, and to build up intelligible 
forms out of the scattered fragments of long-extinct 
beings, fail to take a sympathetic, though an unlearned, 
interest in the labom's of a Niebuhr, a Gibbon, or a 
Grote? Classical history is a great section of the pa- 
laeontology of man ; and I have the same double respect 
for it as for other kinds of palaeontology — that is to say, 
a respect fjr the facts which it estaOliahcs as for all 
^acts, and a still greater respect for it as a. prepai'ation 
Ibr tJie discovery of a law of progress. 
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But if the classics were tauglifc as they miglit be 
taught — if boys and girls were instructed in Greek and 
Latin, not merely as languages, but as illustrations of 
philological science ; if a vivid picture of life on the 
shores of the IMediterranean, two thousand years ago, 
were imprinted on the minds of scholars ; if ancient 
history were taught, not as a weary series of feuds and 
fights, but traced to its causes in such men placed under 
such conditions ; if, lastly, the study of the classical 
books were followed in such a manner as to impress boys 
with their beauties, and with the grand simplicity of 
their statement of the everlasting problems of human 
life, instead of with their verbal and grammatical pecu- 
liarities ; I still think it as little proper that they should 
form the basis of a liberal education for our contempo- 
raries, as I should think it fitting to make that sort of 
palaeontology with which 1 am familiar, the back-bone 
of modern education. 

It is wonderful how close a parallel to classical 
training could be made out of that palaeontology to which 
I refer. In the first place I could get up an osteological 
primer so arid, so pedantic in its terminology, so alto- 
gether distasteful to the youthful mind, as to beat the 
recent famous production of the head-masters out of 
the field in all these excellences. Next, I could exercise 
my boys upon easy fossils, and bring out all their 
powers of memory and all their ingenuity in the applica- 
tion of my osteo-grammatical rules to the interpretation, 
or construing, of those fragments. To those who had 
reached the higher classes, I might supply odd bones 
to be built up into animals, giving great honour and 
reward to him who succeeded in fabricating monsters 
most entirely in accordance with the rules. That 
w^ould answer to verse-making and essay-writing in 
the dead languages. 
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' To bo sure, if a great comparative anafomist were 
■to look at these fabricationa he might shake his Lead, 
or laugh. But what then \ Would such a catastrophe 
dcBtroy the parallel? What think yoa would Cicero, 
or Horace, say to the production of the best sixth 
form going? And would not Terence stop his eara 
and run out if he could be present at an English per- 
formance of his own plays? Would Hamlet, in the 
moutha of a set of French actors, who should insist 
on pronouncing English after the fashion of their own 
tongue, be more hideously ridiculous ? 

But it will be said that I am forgetting the beauty, and 
the human interest, which appertain to classical studies. 
To this I reply that it is only a very strong man who 
can appreciate the charms of a landscape, aa he is 
toiling up a steep hill, along a bad road. What with 
short-windedness, stones, ruts, and a pervading sense 
of the wisdom of rest and be thankful, most of us 
have little enough sense of the beautiful under these 
circumstances. The ordinary sclioolboy ia precisely in 
this case. He finds Parnassus uncommonly steep, and 
there is no chance of his having much time or inclination 
look about him till he gets to the top. And nine 
times out of ten he does not get to the top. 

But if this bo a fair picture of the results of classical 
teaching at its best — iind I gather from those who 
have authority to speak on such matters that it is so — 
what is to bo said of classical teaching at its worst, 
or in other words, of the classics of our oi'dinaiy middlc- 
elass EchooLi?' I will tell you. It means gettiug up 
endless forma and rules by heart. It means turning 
Xiatin and Greek into English, for the mere sake of 
(being able to do it, and without the smallest regard 

' For a justification of what is here said about these echools, Ece Uwt 
' iiaUe liwi, " Essays on a Liberal Edudtiou," passim. 



LJT srsjfoys, jddresse.% akd REnsirs. 



to tlie worl]], or wortUIiissncss, of the author read 
meana the learning of innumerable, not always dccenl 
fables in such a shape that the meaning they once had 
is dried up into utter trash ; and the only impression 
left upon a boy's mind is, that the people who believed 
such things must have been the greatest idiots the 
world ever saw. And it means, finally, that after a 
dozen years spent at this kind of work, the sufferer 
shall be incompetent to interpret a passage in an author 
he has not ab-eady got up ; that he sliall loathe the 
sight of a Greek or Latin book ; and tliat he shall 
never open, or think of, a classical writer again, until, 
wonderful to relate, he insists upon submitting his 
sons to the same process. 

These be your gods, Israel ! For the sake of this 
net result (and r&'pcetability) the British father denies 
his children all the knowledge they might turn to 
account in life, not merely for the achievement of 
vulgar success, but for guidance in the great crises of 
human existence. This is the stone he offers to those 
whom he is bound by the strongest and tenderest ties 
to feed with bread. 

If primary and secondary education arc in this un- 
satisfactoiy state, what is to be said to the universities ? 
Tliis is an awful subject, and one I almost fear to 
touch with my unhallowed bands ; but I can tell you 
what those say who have authority to speak. 

The Rector of Lincoln College, in his lately published, 
valuable " Suggestions for Academical Organization with 
especial reference to Oxford," tells us (p. 127) : — 

"The colleges were, in their origin, endowments, 
not for the elements of a general liberal education, 
Imt for the prolonged study of special and professional 
faculties by men of riper age. The universities eni- 
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br.n.'cd botL thiisc objects. The colleges, while they 
inci Jeatally ai Jed in elementary education, wore apecialjy 
devoted to the highest learoing. .... 

" This was the theory of the middle-age university and 
the design of collegiate foundations in their origin. Time 
and circum.stances have brought about a total change. 
The colleges no longer promote the researches of science, 
or direct professional study. Here and there college 
'alls may shelter an occasional student, but not in 
irger propoitious than may be found in private life. 
liElementaiy teaching of youths under twenty is now 
F the only function performed by the imiversity, and 
almost the only object of college endowments. Colleges 
were homes for the life-study of the highest and most 
absti'use parts of knowledge. Tliey have become boarding 

» schools in which the elements of the learned languages 
are taught to youths." 
If Mr. Pattison's high position, and his obvious love 
aad respect for his imiversity, be insufficient to convince 
the outside world that language so severe ia yet no 
more than just;, the authority of the Com missionera 

I who reported on the University of Oxford in 1850 ia 
open to no challenge. Yet they write : — 
" It is generally acknowledged that both Oxford and 
the country at large suficr greatly from the absence of a 
■body of learned men devoting their lives to the cultivation 
irf science, and to the direction of academical cducatioiL 
" The fact that so few books of profound research 
emanate from the University of Oxlbixl, materially 
impaira its character as a seat of learning, and con- 
eequently its hold on the respect of the nation." 

Cambridge can claim no exemption from the reproaches 
ddiii'csscd to Oxford. And thus there seein.-i no escape 
Lfi-om the admission that whai we fondly call our great 
learning are simply " boarding schools " foi 
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bigger boys ; that learned men are not more numerous 
in them than out of them ; that the advancement of 
knowledge is not the object of fellows of college/^ ; 
that, in the philosophic calm and meditative stillaess 
of their greenswarded courts, philosophy does not thrive, 
and meditation bears few fruits. 

It is my great good fortune to reckon amongst my 
i'iends resident members of both universities, who are 
men of learning and research, zealous cultivators of 
science, keeping before their minds a noble ideal of a 
university, and doing their best to make that ideal a 
reality ; and, to me, they would necessarily typify the 
universities, did not the authoritative statements I have 
quoted compel me to believe that they are exceptional, 
and not representative men. Indeed, upon calm con- 
sideration, several circumstances lead me to think that 
the Eector of Lincoln College and the Commissioners 
cannot be far wrong. 

I believe there can be no doubt that the foreiocner 
who should wish to become acquainted with the scientific, 
or the literary, activity of modern England, would simply 
lose his time and his pains if he visited our universities 
with that object. 

And, as for works of profound research on any subject, 
and, above all, in that classical lore for which the 
universities profess to sacrifice almost everything else, 
why, a third-rate, poverty-stricken German university 
turns out more produce of that kind in one year, than 
our vast and wealthy foundations elaborate in ten. 

Ask the man who is investigating any question, pro- 
foundly and thoroughly — ^be it historical, philosophical, 
philological, physical, literary, or theological; who is 
trying to make himself master of any abstract subject 
(except, perhaps, political economy and geology, both 
of which are intensely Anglican sciences) whether ho 
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not compelled to read half a dozen times as many 

icrman, as English, hooks ? And whether, of these 

English books, more tliau one in ten ia the work of 

a fellow of a college, or a professor of an English 

university ? 

Is this from any lack of power in the English as 
compared with the German mind 1 The countrymen 
of Grote and of Mill, of Faraday, of Eobcrt Brown, 
of Lyell, and of Darwin, to go no further back than 
"le contemporaries of men of middle age, can afford 

smile at such a suggestion. England can show now, 
.as she has been able to show in every generation since 
civilization spread over the West, individual men who 
hold their own against the world, and keep alivo the 
old tradition of her intellectual eminence. 

But, in the majority of cases, these men are what 
they are in virtue of their native intellectual force, and 
of a strength of character which will not recognise impedi- 
ments. I'hey are not trained in the courts of the 
Temple of Science, but etorm the walls of that edifice in 
all aorta of irregular ways, and with much loss of time 
and power, in order to obtain their legitimate positions. 

Our universities not only do not encourage such men ; 
do not oifer them positions, in which it should bo their 
highest duty to do, thoroughly, that which they are most 
capable of doing ; but, as far as possible, univeisity train- 
ing sliuts out of tlie minds of those among Ihem, who 
are subjected to it, the prospect that there is anything in 
the world for which they are specially fitted. Imagine 
the success of the attempt to still the intellectual hunger 
of any of the men I have mentioned, by putting before 
him, as the object of existence, the successful mimicry 
of the measure of a Greek song, or the roll of Ciceronian 
I Imagine how much success would be likely 

attend the attempt to persuade such men, that the 
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sducation which leads to perfection in such elegancies 
is alone to he called culture ; -while the facts of history, 
tho process of thought, the conditions of moral and 
social cxistcuce, and the laws of physical nature, ara*^H 
left to be dealt ^vith as they may, by outside bar>^H 
barians I ^H 

It is not thus that the German universities, from 
being beneath notice a century ago, have become what 
they arc now — the most intensely cultivated and the 
most productive intellectual corporations the world haa 
ever seen. 

The student who repairs to them sees in the list of 
classes and of professors a fair picture of the world 
of knowledge. Whatever he needs to know there is 
some one ready to teach him, some one competent to 
discipline him in the way of learning ; whatever his. Jm 
special bent, let him but be able and diligent, and in^i'^l 
due time he shall find distinction and a career. Among *h 
his professors, he sees men whose names are known 
and revered throughout the civib'zed world ; and their 
living example infects him with a noble ambition, and a 
love for the spirit of work. 

The Germans dominate the intellectual world by! 
virtue of the same eiraple secret as that ■which mada^a 
Napoleon the master of old Europe. They have declared j 
la, carri&re ouverte aux talents, and every Cursch J 
marches with a professor's gown in his knapsack. Let 
dim become a great scholar, or man of science, and 
ministers will compete for his services. In Germany, 
they do not leave the chance of his holding the office 
he would render illustrious to the tender mercies of a j 
liot canvass, and the final wisdom of a mob of country j 
parsona 

In short, in Germany, the universities are exactly what"! 
the Rector of I^incoln and the Commissioners tell t 
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1 universities are not ; that is to say, corporations 

f learned men deToting their lives to the cultivation 

of science, and the direction of academical education." 

L They are not " boarding schools for yonths," nor clerical 

l-Beminaries; hut institutions for the higher culture of 

r men, in which the theological faculty is of no more 

importance, or prominence, than the rest ; and which 

are truly "universities," since they strive to represent 

and embody the totality of human knowledge, and 

to find room for all forma of intellectual activity. 

May zealous and clear-headed reformers like Jlr. 
Pattison succeed in their noble endeavours to shape 
our universities towards some such ideal as this, without 
losing what is valuable and distinctive in their social 
tone I But until they have succeeded, a liberal education 
twill be no more obtainable in our Oxford and Cambridge 
■Universities than in our public schools. 

If I am justified in my conception of the ideal of a 
liberal education ; and if what 1 have said about the 
existing educational institutions of the country is also 
true, it is clear tliat the two have no sort of relation 
to one another; that the best of our schools and the 
most complete of our university trainings give but 
a narrow, one-sided, and essentially illiberal education — 
while the worst give what is really next to no tdiication 
at all. I'he South London Working-Slen'a College 
luld not copy any of these institutions if it would. 

am bold enough to express the conviction that it 
ought not if it could. 

i'or what is wanted is the reality and not the mere 
name of a liberal education ; and this College must 
Bteaddy set before itself the ambition to be able to 
give that education sooner or later. At present wo 
are but beginnbg, sharpening our educational tools, 
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aa it were, and, except a modicum of physical scienc< 
we are not able to offer much more than ia to be foui 
in an ordinary school. 

Moral and social science — one of the greatest and 
most fruitful of our future classes, I hope — at present 
lacks only one thing in our programme, and that ia a 
teacher. A eonsiderabid \yant, no doubt ; but it mi 
be recollected that it ia much better to want a teach( 
than to want the desire to learn. 

Further, we need what, for want of a better name, 
1 must call Physical Geography. What I mean is that 
which the Gtermans call " Erdkunde." It is a descrip- 
tion of the eai-th, of its place and relation to other 
bodies ; of ite general structure, and of its great featurea 
— -winds, tides, mountains, plains ; of the chief forms 
of the vegetable and animal worlds, of the varietiea 
of man. It ia the peg upon which the greatest quantity 
of useful and entertaining scientific information can be 
.suspended. 

Literature is not upon the College programme ; but 
I hope some day to see it there. For literature is 
the greatest of all sources of refined pleasure, and one 
of the great uses of a liberal education is to enable 
ua to enjoy that plc;isurc. There ia scope enough for 
the purposes of liberal education in the study of the 
rich treasures of our own language alone. All that 
13 needed ia direction, and the cultivation of a refined 
taste by attention to sound criticism. Eut there is 
no reaaon why French and German should not be 
mastered sufficiently to read what is worth reading 
in those languages, with pleasure and with profit 

And fin^y, by-and-by, we must have History ; 
treated not as a succession of battles and dynasties ; 
not fl3 a serica of biographies ; not as evidence thai 
Providence ha? always been on the side of either Whiga 
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or Tories; but as the development of man in times 
past, and in other conditions than our own. 

But, as it is one of the principles of our College to 
be self-supporting, the public must lead, and we must 
follow, in these matters. If my hearers take to heart 
what I have said about liberal education, they will 
desire these thmgs. and I doubt not we shaU I able 
to supply them. But we must wait till the demand 
is made. 
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[Mr. Tbaokebat, talking of arter-dinncr speecliea, haa lamented tLai 
"one never can rccuUect tho fine things one thought of in the 
cab," in going to the place of entertain ment. I am not atfare that 
there are any " fins things " in the following pages, but such as 
there arc Etond to a speech which really did get itsi^lf spoken, tt 
the hospitable table of the Liverpool Philomathic Society, more 
less in the position of what " one thought of in the cab."] 



The in'^rocluctiriu of scientific tra,ining into tlie gGncral 
etlueation of the couatry is a topic upon wliieh I 
could not have spoken, without some more or lesa 
apologetic iutroductiou, a few years ago. But upon 
this, as upon other matters, public opinion has of latu 
undergone a rapid modification. Committees of both 
Houses of the Legislature have agreed that something 
must be done in this dii-ection, and have even thrown 
out timid and faltering suggestions as to what should 
be done ; while at the opposite pole of society, com- 
mittees of working-men have expressed their eouvictioa 
that scientific training is the one thing needful for 
their advancement, whether as men, or as workmen. 
Only the other day, it was my duty to take part in 
the reception of a deputation of London working men, 
who desired to learn from Sir Roderick Murchison, thoj^ 
Director of the Eoyal School of Mines, whetlier thqM 
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org;aniza,t:ion of tlie Institution in Jermyn Street coulil 
be made availiiLle for tbe supply of that scientific 
instruction, the need of wliich could not have been 
apprehended, or stated, more clearly than it was by 
thenL 

The heada of colleger in our great Universities (who 
have not the reputation of being the most mobile of 
persons) have, in several cases, thought it well that, 
out of tbe great number of honours and rewards at 
their disposal, a few should, hereafter be given to the 
cultivators of the physical sciences. Nay, I hear that 
some colleges have even gone so far as to appoint one, 
or, may be, two special tutors for the purpose of putting 
the facta and principles of physical science before the 
undergraduate mind. And I say it with gratitude 
and great respect for those eminent pei-sons, that the 
head mastei-s of our public schools, Eton, Harrow, 
I Winchester, have addressed themselves to the problem 
introducing insti'uction in physical science among 
studies of those great educational bodies, with 
much honesty of purpose and enlightenment of nnder- 
jiding; and I live in hope that, before long, impor- 
it changes in this direction will he carried into effect 
those strongholds of ancient prescription. In fact, 
leuch changes have already been made, and physical 
■acience, even now, constitutes a recognised element of 
1 the school curriculum in Hjirrow and Eugby, whiUt 
I imderstand that ample preparations for such studies 
are being made at Eton and elsewhere. 

Looking at these facts, I might perhaps spare myself 
the trouble of giving any reasons for the introduction 
of physical science into elementary education ; yet I 
cannot but think that it may be well, if I place before 
, you some couaidcjations which, perhaps, have hardly 
received full attention. 



56 t^T SERMONS. ADDRESSES, AND BEFJEW8. [nr. 

At other times, and in other places, I have endeavoured 
U) state the higher and more abstract arguments, by 
which the study of physical science may be shown 
to be indispensable to the complete training of the 
human mind ; but I do not wish it to be supposed 
that, bccaase I happen to be devoted to more or less 
al>fttract and " unpracticar* pursuits, I am insensible 
U) the weight which ought to be attached to that which 
has Ixicn said to be the English conception of Paradise 
— *' namely, getting on/' I look upon it, that " getting 
on'' is a very important matter indeed, I do not 
mean merely for the sake of the coarse and tangible 
results of success, but because humanity is so con- 
stituted tliat a vast number of us would never be 
impelled to those stretches of exertion which make 
us wiser and more capable men, if it were not for the 
ttWilutc necessity of putting on our faculties all the 
strain they will bear, for the purpose of "getting on" 
in the most practical sense. 

Now the value of a knowledge of physical science 
as a means of getting on, is indubitable. There are 
luirdly any of our trades, except the merely huckstering 
ones, in which some knowledge of science may not 
\Ht directly profitable to the pursuer of that occupation. 
A>* industry attains higher stages of its development, 
as its processes become more complicated and refined, 
and competition more keen, the sciences are dragged 
in, one by one, to take their share in the fray ; and 
lie who can best avail himself of their help is the man 
who will come out uppermost in that struggle for exist- 
ence, which goes on as fiercely beneath the smooth 
surface of modem society, as among the wild inhabit- 
ants of the woods. 

But, in addition to the bearing of science on ordinary 
practical life, let nic direct your attention to its immense 
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influence on several of the professions. I aslc any one 
ift-ho has adopted the catling of an engineer, how much 
time he lost when he left school, hecause he had to 
devote himself to pursuits which were ahsolutcly novel 
and strange, and of which he had not obtained the 
remotest conception from his instructors ? He had 
to familiarize himself with ideas of the course and 
powers of Nature, to which his attention had never 
been directed during his school-life, and to learn, for 
'le first time, that a world of facts lies outside and 
jyond the world of words. I appeal to those who 
know what Engineering is, to say how far I am right 
in respert to that 'pi-ofesaion ; but with regard to 
another, of no less importance, I shail venture to 
speak of my own knowledge. There is no one of 
us who may not at any moment be thrown, bound 
hand and foot by physical incapacity, into the hands 
of a medical practitioner. The chances of life and 
death for all and each of us may, at any moment, 
depend on the skill with which that practitioner is 
able to mal;e out what is wrong in our bodily frames, 

.tmd on his ability to apply the proper remedy to the 
* ifect 

The necessities of modem life are such, and the 
class from which the medical profession is chiefly 
recniited is so situated, that few medical men can hope 
to spend more than three or four, or it may be five, 
years in the pursuit of those studies which are imme- 
diately germane to physic. How is that aU too brief 
period Bjjcnt at present ? I speak as an old examiner, 
having served some eleven or twelve ycai-s in that 
ciipaeity in the University of London, and thei-efore 

Slaving a practical acquaintance with the subject; 
it I might fortify myself by tlic authority of tho 
resident of the College of Surgeons, Mr. Qiiain, whom 
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I heard the other day in an admirable address (tha 
flunteriiin Oration) deal fully and wisely with this very 
topic' 

A young man coranaencing the study of medicine is 
at once rec[uired to endeavour to make an acquaintance 
with a number of selcnees, such as Physics, as Chemistry, 
as Botany, aa Physiology, which are absolutely and entirely 
strange to hira, however excellent his so-called education 
at school may have been, Not only is he devoid of all 
apprehension of scicntilic conceptions, not only does he 
fail to attach any meaning to the words "matter," 
"force," or "law" in their scientific senses, but, worse 
still, he has no notion of what it is to come into contact 
with nature, or to lay his mind alongside of a physical 
fact, and tiy fo conquer it, in the way our great naval 
hero told liis captains to master their enemies. His 
whole mind has been given to books, and I am hardly 
exaggerating if I say that they are more real to him 
than Nature. He imagines that all knowledge can be 
got out of books, and rests upon the authority of some 

' Mr. Quain'a words {M diul Times and Gazdte, Ppbrnaiy 20) are:— "A 

few words as to our special Medical course of instructioa and the iafluence 

upon it of such changes in tlie elenteDtarj Bchoola as I have mentioDed. The 

student DOW enters at oucenpoii several sciences — physics, chemistrr, imatomj, 

phyGiology, botonv, pharmacy, th^rapeatica — all theae, the fiicta and tlie 

language and the mws of ejich, to be maatered in eighteen months. Up to 

the heginning of the Medical cniirse manj have learned little. We cannot 

claim anything better tliim the Examiner of the University of London and 

the Cambridge Lecturer have reported for their UnlTersitiea. Supposing that 

ftt school young people had acquired Home eiaot elementary knowledge in 

physics, chemistry, and a hmnch of natunil history — say botany — with tlis 

physiolojgr connected with it, they wonld then have gained necessary know- 

^ge, with Bonie practice in inductive rcatsoDing. Tlie whole studies are 

TDceijsea of observation and induction — -the best discipline of the mind fbi 

be purposes of life — for onr purposes not less than any. ' By liuch study 

I (viyi Br. Whewell) of one or more departmenta of inductive scieace the 

J niad may escape from the thnildoui of mere words,' Cy that pliin the 

[ tarden of tlie airly Medioal course would be much lightened, and more time 

I devoted to pnictic;d Btud es, including SilThomiisWatsun's'^naluudsiipnuiM 

I. -.•-—,> (jf j^ knowledt-a of Mcdioiua" 



master or other ; nor docs he entertain anj' misgiving 
ihnt tlie metliod of learning which led to proficiency 
in the rules of grammar, will suilice to lead him to a 
mastery of the laws of Nature. The youngster, thus 
miprepared for serious study, is turned loose among 
his medical studios, with the result, in nine cases out 
of ten, that the first year of his curriculum is spent 
in learning how to learn. Indeed, he is lucky, if at 
the end of the first year, by the exertions of his teachers ^ 
and his own industry, he has acquired even that art of ^M 
arts. After which there remain not more than three, ^H 
or perhaps four, years for the profitable study of such ^^ 
vast sciences as Anatomy, Physiology, Therapeutics, 
Medicine, Surgery, Obstetrics, and the like, upon his 
knowledge or ignorance of which it depends whether 
the practitioner shall diminish, or increase, the hdls of 
mortality. Now what is it but the preposterous con- 
Jition of ordinary school education which prevents a 
young man of seventeen, destined for the practice of 
medicine, from being fully prepared for the study of 
nature; and from coming to the medical school, equipped 
with that preliminary knowledge of the principles of 
Physics, of Chemistiy, and of Biology, upon which he 
baa now to waste one of the precious years, every „ 
moment of which ought to be given to those studies ^1 
which bear directly upon "the knowledge of hiS'^H 
profession ? 

There is another profession, to the members of which, 
I think, a certain prehminary knowledge of physical 
science might be quite as valuable as to the medical 
man. The practitioner of medicine sets before himself 
the noble object of taking care of man's bodily welfare ; 
Jjut the members of this other profession undertake to 
iKoiinistcr to minds diseased," and, so far as may he, 
I diminish sin and soften sorrow. Like the medical 
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profession, the clerical, of which I now speak, resta 
power to heal upon its knowledge of the order of tl 
uiiiverse — upon certain theories of man's relation 
that which lies outside him. It is not my businesj 
express any opinion about these theories. I mc] 
wish to point out that, like all other theories, they 
professedly based upon matter of fact. Thus the clerical 
profession has to deal with the facts of Nature from a 
certain point of view ; and hence it comes into contact- 
with that of the man of science, who hag to treat th ~ 
same facts from another point of \iew. You know ho' 
often that contact is to be described as colliaion, 
violent friction ; and how great the beat, how litl 
the light, "which commonly results fi'om it. 

In the interests of fair l>lay, to say nothing of thos4 
of mankind, I aalr, A^Hiy do not the clergy as a body 
acquire, as a part of their preliminary education, some 
such tincture of physical science as will put them in 
a position to understand the difficulties in the way 
of accepting their theories, which are forced upon the 
mind of every thoughtful and intelligent mau, who has 
taken the trouble to instruct himself in the elements 
of natural knowledge? 

Some time ago I attended a large meeting of the 
clergy, for the purpose of delivering an address which 
1 had been invited to give. I spoke of some of the 
most elementary facts in physical science, and of the 
manner in which they directly contradict certain of the 
ordinary teachings of the clei^. The result was, that, 
after I bad finished, one section of the assembled eccle- 
eiastics attacked me with all the intemperance of pious 
zeal, for stating facts and conclusions which no com- 
petent judge doubts ; while, after the first speakers had 
subsided, amidst the cheers of the great majority of their 
t;nlleagucs, the more rational minority rose to tell me 
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tliat I Lad tnkoii i\-bol]y supcrfluoua pains, that they 
already knew all about what I had tohl them, and 
perfectly agreed with me. A hacd-headed friend ol ^_ 
mine, who was piescnt, put ilie not unnatural questioii,.^H 
"Then why don't you say so in your pulpits?" to^^H 
which inquiry I heard no reply. ^H 

In fact the clergy arc at present divisible into threo 
sections : an immense body who are ignorant and speak 
out ; a small proportion who know and are sUent ; 
and a minute minority who know and speak according 
to their knowledge. By the clergy, I mean especially 
the Protestant clergy. Our great antagonist — f speak 
aa a man of science — the Eoman Catholic Church, the 
one great spiritual organization which is able to resist, 
and must, as a matter of life and death, resist, the 
progress of science and modem civilization, mana; 
her affairs much better. 

It was my foi-tunc some time ago to pay a visit Uy 
one of the most important of the institutions in which 
the clergy of the Roman Catholic Church in these islands 
are trained ; and it seemed to me that the difference 
between these men and the comfortable champions of 
Anglicanism and of Dissent, was comparable to the 
difierence between our gallant Volunteers and the 
trained veterans of Napoleon's Old Guard. 

The Catholic priest is trained to know his busini 
and do it effectually. The professors of the college iai 
question, learned, zealous, and determined men, per- 
mitted me to speak frankly with them, We talked like 
outposts of opposed annies during a truce — as friendly 
enemies ; and when I ventured to point out the diffi- 
culties thftii' students would have to encounter from 
■scientiflc thought, they replied : " Out Church has lasted 
many ages, and has j assed safely through many stormi 
The present ia but a new gust of the old tempest, am 
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we (!o not turn out our young men less fitted to weather 
it, llinn they Lave heen, in fonner times, to cope with 
the diilicultics of those times. The heresies of tlie day 
are explaioed to them Ity their professors of philosophy 
and science, and they are taught how those heresies are 
to be mot" 

I heartily respect an organization which faces its 
enemies in this way ; and I wish that all ecclesiastical 
organizations wjre in as effective a condition. I think 
it would be better, not only for them, but for us. The 
army of liberal thought is, at present, in very loose 
order ; and mauy a spirited free-thinker makes nse of 
his freedom mainly to vent nonsense. We should be 
the better for a vigorous and watchful enemy to hammer 
us into cohesion and discipline; and I, for one, lament 
that the bench of Bishops cannot show a man of 
the calibre of Butler of the "Analogy," who, if he 
were alive, would make short work of much of the 
current d priori "infidelity." 

I hope you will consider that the arguments I have 
now stated, even if there were no better ones, eon- 
Btitute a sufficient apology for urging the introduction 
of science into schools. The next question to which 
I have to address myself is. What sciences ought to be 
thus taught ■( And this is one of the most important of 
questions, because my side (I am afraid I am a terribly 
candid friend) Bom,;times spoils its cause by going in 
for too much. There are other forms of culture beside 
Ijhysical science ; and I should be profoundly sorry to 
Ke the fact forgotten, or even to observe a tendency to 
6t;irvo, or cripple, literary, or sesthetic, culture for the sake 
of science. Such a narrow view of the nature of educa- 
tion has nothing to do with my firm conviction tliat 
Q complete and thorough scientific culture ought to be 
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lintroJaccd into all Eclv>ol5, By iLis, Lowcvcr, I do not 
I mean that every scLoolboy sliouJd be taugLt everytliing 
in sciidH-'e, Tliat would bo a verj' absunl tiling to con- 
ceive, anJ a very iniscbicvous thing to attempt. What 
1 mean is, that no boy nor girl should leave school 
without possessing a grasp of the general character of 
science, and without having been disciplined, more or 
less, iu the methods of all sciences ; so that, when 
turned into the world to make their own way, they 
shall be prepared to face scientific problems, not by 
knowing at once the conditions of every problem, or 
by being able at once to solve it; but by being familiar 
with the general cuiTcnt of scientific thought, and by 
being able to apply the methods of science in the 
proper way, when they have acquainted themselves Wi^h :m 
the conditions of the special problem. VM 

That is what I underetand by scientific cdncatimii^H 
To famish a boy with eiieh an education, it is' by no 
means necessary that he should devote his whole school 
existence to physical science : in fact, no one would 
lament so one-sided a proceeding more than I. Nay 
more, it is not necessary for him to give up more than a 
modemtfi share of his time to sucli studies, if they be 
properly selected and arranged, and if lie be trained in 
them in a fitting manner. 

I conceive the proper course to be somewbat as 
follows. To begin with, let every child be instructed in 
those general views of the phenomena of Nature for 
which we have no exact English name. The nearest 
approximation to a name for what I mean, which we 
Dossess, is " physical geography." The Germans have a 
better, *' Ertlkuude," ("earth knowledge" or "geologj'" 
m its etymological sense,) that is to .say, a general know- 
ledge of the earth, and what is on it, in it, and about it. 
If any one who has had experience of the ways of ^qtsx^^ 
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eliUdren will call to mind their questions, he will find 
that 60 far as they rnn bo put int<, any scientific category, 
they come under this head of " Erdkunde." The child 
asks, " What is the moon, and wliy does it shine ? " 
" What ia this water, and where does it run ? " " What 
is tlie wind ? " " What makes the waves in the sea ? " 
" Where does this animal live, and what is the uae of 
that plant ? " And if not snubbed and stunted by being 
told not to ask foolish questions, there is no limit to the 
intellectual craving of a young child ; nor any bounds to 
the slow, but soUd, accretion of knowledge and develop- 
ment of the thinking faculty in this way. To all such 
qnestions, answera which are necessarily incomplete, 
though true as far as they go, may be given by any 
teacher whose ideas represent real knowledge and not 
mere book learning ; and a panoramic view of Nature, 
accompanied by a strong infusion of the scientific habit 
of mind, may thus be placed within tlie reach of every 
child of nine or ten. 

After this prelimbiary opening of the eyes to the 
great spectacle of tbe daily progress of Nature, aa the 
reasoning faculties of the child gi'Ow, and he becomes 
fajmhar with the use of the tools of knowledge — reading, 
writing, and elementary mathematics — he should pass 
on to what is, in the more strict sense, physical science. 
Now there are two kmds of physical science : the one 
regards form and the relation of forma to one another ; 
the other deals with causes and effects. In many of 
what we term our sciences, these two kinds are mixed 
up together; but systematic botany is a pure examjjle 
of the former kind, and physics of the latter kind, of 
science. Every educational advantage which training 
'lysical science can give is obtainable from the proper 
' of these two ; and I should be contented, for the 

jscnt, if they, added to our " Erdkunde," furnished 
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&e whole &f the scientific curriculum of schools. Indeed, 
I conceive it woiUd be one of the greatest boous which 
' ' eoiild be conferred upon England, if henceforward every 
child in the country were instructed in the generaJ 
ki.owledge of the things about it, in the elements 
of physics, and of botany. But I should be still 
better pleased if there could be added somewhat of 
chemistry, and an elementary acquaintance with human 
physiology. 

So far aa school education is concerned, I want to go 
no further just now ; and I bebeve that such instruction 
would make an excellent introduction to that preparatory 
scientific training which, aa I have indicated, is so essen- 
tial for the successful pursuit of our most important pro- 
fessions. But this modicum of instruction must be so 
given as to ensure real knowledge and practical discipline. 
If scientific education is to be dealt with as mere book- 
work, it will be better not to attempt it, but to stick to 
the Latin Grammar, which makes no pretence to be any- 
thing but Ixiokwork. 

If the great benefits of scientific training are sought, 
it is essential that such training should be real ; that ia 
to say, that the muid of the scholar should be brought 
into direct relation with fact, that he should not merely 
be toKl a thing, but made to see by the use of Lis own 
intellect and ability that the thing is so and no otherwise. 
The great peculiarity of scientific training, that in virtue 
of which it cannot be replaced by any other discipline 
whatsoever, is this bringing of the mind directly into 
contact with fact, and practising the intellect in the 
completest form of induction ; that is to say, in drawing 
conclusions from particular facts made known by imme- 
diate okservation of Nature. 

The other studies which enter into ordinary education 
do not discipline the mind in this way. Slathematical 
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training is almost purely deductive. The mathematician 
starts with a few simple propositions, tha proof of which 
is 80 obvious that they arc called self-evident, and the 
rest of his work consists of subtle deductions from them. 
The teaching of hinguagea, at any rate as ordinarily 
practised, is of the same general nature, — authority and 
tradition famish the data, and the mental operations of 
the Bcholar are deductive. 

Again : if history be the subject of study, the facts 
are still taken upon the evidence of tradition and au- 
thority. You cannot make a boy see the battle of 
Thermopyke for himself, or know, of his own know- 
ledge, that Cromwell once ruled England. There is no 
getting into direct contact with natural fact by this 
road ; there is no dispensing with authority, but rather a 
resting upon it. 

In all these respects, science differs from other edu- 
cational discipline, and prepares the scholar for common 
Hfe. What have we to do in every-day life ? Host of 
the business which demands our attention is matter of 
fact, which needs, in the first place, to be accurately 
observed or apprehended ; in the second, to be inter- 
preted by inductive and deductive reasonings, which are 
altogether similar in their nature to those employed in 
science. In the one case, as in the other, whatever is 
taken for granted is so taken at one's own peril; fact 
and reason arc the ultimate arbiters, and patience and 
honesty are the great helpers out of difficulty. 

But if scientific training is to yield its most eminent 
results, it must, I repeat, be made practical. That is to 
Bay, in explaining to a child the general phienomena of 
Nature, you must, as far as possible, give reality to your 
teaching by oliject-lcssons ; in teaching him botany, he 
must handle the plants and dissect the flowers for him- 
self ; in teaching hini physics and chemistry, you must 
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not be solicitous to fill him with information, but you 
must be careful thiit what he learns he knows cf his own 
knowledge. Don't be satisfied mtb telling him that a 
magnet attracts iron. Let him sec that it dots ; let him 
feel the pull of the one upon the other for himself. And, 
especially, tell him that it is his duty to doubt until he 
is compelled, by the absolute authority pf Nature, to 
believe that which is written in books. Pursue this 
discipline carefully and conscientiously, and you may 
make sure that, however scanty may be the me.nsiire of 
information which you have poured into the boy's mind, 

■ou have created an intellectual habit of priceless value 
practical life. 

One is constantly asked, 'When should this scientific 
education be commenced ? I should say with the dawn 
of intelligence. As I have already said, a child seeks 
for information about matters of physical science as 
soon as it begins to talk. The first teaching it want£ 
is an object-lesKon of one sort or another ; and as soon 
as it is fit for systematic instruction of any kind, it is fit 
for a modicum of science. 

People talk of the difficulty of teaching young 
lildren such matters, and in the same breath insist 

ipon their learning their Catechism, which contains 
propositions far harder to comprehend than anything 
in the educational course I have proposed. Again: I 
am incessantly told that we, who advocate the intro- 
duction of science into schools, make no allowance for 
the stupidity of the average boy or girl ; but, in my 
belief, that stupidity, in nine eases out of ten, "Jit, non 
nascitur" and is developed by a long process of parental 
and pedagogic repression of the natural intellectual ap- 
petites, accompanied by a persistent attempt to create 
artificial ones for food which is not only tasteless, but 
essentially indigestible. 
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Tlioco who urge the difficulty of instructing young 
people in science, are apt to forget another very im- 
portant condition of success — important in all kinds of 
teaching, but most essential, I am disposed to think, 
when the scholars are very young. This condition is, 
that the teacher should himself really and practically 
know his subject If he does, he will be able to speak 
of it in the easy language, and with the completeness 
of conviction, with which he talks of any ordinary 
every-day matter. If he does not, he will be afraid to 
wander beyond the limits of the technical phraseology 
which he has got up ; and a dead dogmatism, which 
oppresses, or raises opposition, will take the place of 
the livel}'' confidence, born of personal conviction, which 
cheers and encourages the eminently sympathetic mind 
of childhood. 

I have already hinted that such scientific training as 
vve seek for may be given without making any extra- 
vagant claim upon the time now devoted to education. 
We ask only for ** a most favoured nation " clause in our 
treaty with the schoolmaster ; we demand no more than 
that science shall have as much time given to it as any 
other single subject — say four hours a week in each class 
of an ordinary school. 

For the present, I think men of science would be well 
content with such an arrangement as this ; but speaking 
for myself, I do not pretend to believe that such an 
arrangement can be, or will be, permanent. In these 
times the educational tree seems to me to have its roots 
in the air, its leaves and flov/ers in the ground ; and, I 
confess, I should very much like to turn it upside down, 
Bo that its roots might be solidly embedded among tbc 
facts of Nature, and draw thence a sound nutriment 
for the foliage and fruit of literature and of art. No 
educational system can have a claim to permanence. 
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nnless it recognizes tie tnitli that eiliication has two 
great ends to which everj'thing else must be aubordinated. 
The one of these is to increase knowledge ; the other is 
to develop the love of right and the hatred of wrong. 

With wisdom and uprightness a nation can m:ikc its 
way worthily, and beauty will follow in the footsteps of 
the two, even if she be not specially in^-itcd ; while there 
is perhaps no eight in the whole world more Baddening 
and revolting than ia offered by men sunk in ignorance 
of everything but what other men have written ; seem- 
ingly devoid of moral belief or guidance ; but with the 
BOnae of beauty so keen, and the power of expression so 

Itivated, that their sensual caterwauling may be almost 

istaken for the music of the spheres. 

At present, education is almost entirely devoted to the 
cultivation of the power of expression, and of the sense of 
literary beauty. The matter of having anything to sa}', 
beyond a hash of other people's opinions, or of possess- 
any criterion of beauty, so that we may distinguish 
itween the Godlike and the devilish, is left aside as of 
fio momejit. I think I do not eiT in saying that if 
Bcience were made the foundation of education, instead 
of being, at most, stuck on as cornice to the edifice, this 
■State of things could not exist. 

In advocating the introduction of physical science 
leading element in education, I by no means refer 

ly to the higher schools. On the contraiy, I believe 
that Buch a change is even more imperatively called for 
in those primary schools, in which the children of the 
poor are expected to turn to the best account the little 
time they can devote to the acquisition of knowledge. 
A great step in this direction has ah-eady been made 
the establishment of science-classes under the De- 
lent of Science and Art, — a measure which came 
existence unnoticed, but w^hich -n-iU, I believe, tui-n 
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out to be of more importance to the welfare of the 
' people, than many politiial changes, over which the 
[ noise of battle has rent the air. 

Under the regulations to which I refer, a schoolmaster 
[ can set up a class in one or more branches of science ; 
his pupils will be examined, and the State will pay him, 
at a certain rate, for all who succeed in passing. 1 
have acted as an examiner under this systera from the 
beginning of its establishment, and this year I expect 
to have not fewer than a couple of thousand sets of 
answers to questions in Physiology, mainly from young 
people of the artisan class, who have been taught in 
the schools which are now scattered all over Great 
Britain and Ireland. Some of my coUeaguea, who have 
to deal with subjects such as Geometry, for which the 
present teaching power is better organized, I under- 
stand are likely to have three or four times as many 
papers. So far as my own subjects are concerned, 1 can 
undertake to say that a great deal of the teaching, the 
results of which are before me in tliese examinations, is 
very sound and good ; and I think it is in the power of 
the examiuei-s, not on!}'- to keep up the present standard, 
but to cause an almost unlimited improvement. Now 
what does this mean \ It means that by holding out 
a very moderate inducement, the masters of primary 
schools in many parts of the country have been led to 
convert them into little foci of scientific instruction ; and 
that they and their pupils have contrived to find, or to 
make, time enough to carry out this object with a very 
considerable degree of efficiency. That efficiency will, 
I doubt not, be very much increased as the system 
becomes known and perfected, even with the veiy 
limited leisure left to masters and teacliers on week- , 
days. And this leads me to ask. Why should scientifi^j 
teacliing be limited to week-days? 
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Ecclesiastically-minded persons aro in tlie habit of 
ailing things tliey do not like by very hard names, and 

■'I Eboald not wonder if they brand the proposition I 
am about to make as blasphemous, and worse. But, 
not minding this, I ventiire to ask. Would there really be 
anything wrong in using part of Sunday for the pm-poso 
of instructing those who have no other leisure, in a 
knowledge of the phenomena of Nature, and of man's 
relation to Nature ? 

I ehould like to see a scientific Sunday-school in every 
parish, not for the purpose of superseding any existing 
means of teaching the people the things that are for 
tlieir good, but side by side with them. I cannot but 
think that there is room for all of us to work in helping 
to bridge over the great abyss of ignorance which lies 
at our feet. 

And il' any of the ecclesiastical persons to whom I 
have referred, object that they find it derogatory to the 
honour of the God whom they worship, to awaken the 
minds of the young to the infinite wonder and majesty 
of the works whicli they proclaim His, and to teach 
them those laws which must needs be His laws, and 
therefore of all things needful for man to know — I can 
only recommend them to be let blood and put on low 
diet There must be something very wrong going on 
in the instrument of logic, if it turns out such conclu- 

-^na from such premises. 



V. 

ON THE EDUCATIONAL VALUE OF THE 
NATURAL HISTOEY SCIENCES. 

The subject to which I have to beg your attention 
during the ensuing hour is " The Relation of Physio- 
logical Science to other branches of Knowledge/' 

Had circumstances permitted of the delivery, in 
their strict logical order, of that series of discourses 
of which the present lecture is a member, I should 
have preceded my friend and colleague Mr. Henfrey, 
who addressed you on Monday last; but while, for 
the sake of that order, I must beg you to suppose that 
this discussion of the Educational bearings of Biology 
in general does precede that of Special Zoology and 
Kotany, I am rejoiced to be able to take advantage of 
the light thus already thrown upon the tendency and 
methods of Physiological Science. 

Regarding Physiological Science, then, in its widest 
Bcnse — as the equivalent of Biology — the Science of 
Individual Life — we have to consider in succession : 

1. Its position and scope as a branch of knowledge. 

2. Its value as a means of mental discipline. 

3. Its worth as practical information. 
And lastly, 

4. At what period it may best be ma:de a branch of 
Education. 
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Our conclusions on tlie first of these heads must 
depend, of course, upon tho nature of the subject- 
matter of Biology; and I think a fcw pixdiniinary 
considerations will place before you in a clear light 
the vast differetice which exists between the living 
bodies with which Physiological science is eonecraed, and 
the remainder of the universe ; — between the phenomena 
of Number and Space, of Physical and of Chemical force, 
on the one hand, and those of Life on (he other, 
I The mathematician, the physicist, and the cheraist 
rcontemplate things in a condition of rest ; they look 
upon a state of equilibrium aa that to wtich all bodies 
normally tend. 

The mathematician does not suppose that a quantity 
will alter, or that a given point in spau-e will change 
its direction with regard to another point, sponta- 
neously. And it is the same with the physicist. When 
Nen'ton Baw the apple fall, he coucluiled iit once that 
the act of falling was not the result of any power 
inherent in the apple, but that it was the residt of the 
action of something else on the apple. In a similar 
manner, all physical force is regarded as the disturbance 
yi an equilibrium to which things tended before its 
exertion, — to which they will tend again after its 
cessation. 

The chemist equally regards chemical change in a 
body, as the effect of the action of something external 
to the body changed. A chemical compound once formed 
would persist for ever, if no alteration tcok place in 
surrounding conditions. 

But to the student of Life the aspect of Nature is 
reversed. Here, incessant, and, so far as we know, 
epontaucous change is the rule, rest the exception — 
«ie anomaly to be accounted for. Living things have . 
no inertia, and tend to no cqudibrium. 
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Permit me, however, to give more force and clearaesa 
to these soinewliat abstract cousiderations, by an ilhistra- 
tion or two. 

r Imagine a vessel full of water, at tbe ordinary tem- 

iperature, in an atmosphere saturated with vapour. The 
qiiantity and the fi<jure of that water will not change, 
BO far as we know, for ever. 

Suppose a lump of gold be thrown into the vessel- 
motion and distmbauee of figure exactly proportional 
to the momentum of the gold will take place. But after 
a time the elfects of this disturbance will subside — ■ 
equilibrium will be restored, and the water will return 
to its passive state. 

Expose the water to cold — it will solidify — and in so 
doing ita particles will arrange themselves in. definite 

.crysfciliine shapes. But once formed, these crystals 

Ichange no further. 

Again, substitute for the Jump of gold some substance 
■ le of entering into chemical relations with the 
water: — say, a mass of that subataneo which is called 
"protein" — ^the substance of flesh: — a very considerable 
disturbance of equilibrium will take place — all sorts of 
chemical compositions and decompositions will occur; 
hut in the end, as before, the result will be the resump- 
tion oi" a condition of rest. 

Instead of such a mass of dead protein, however, 
take a particle of living protein — one of those minute 
microscopic living things which throng oxa pools, and 
are known as Infusoria — such a creature, for instance, as 
an Euglena, and place it in our vessel of water. It is a 
round mass provided with a long filament^ and except 
in this peculiarity of shape, presents no appreciable 
physical or chemical difference whereby it might be 
distinguished from the particle of dead protein. 

But the difference in the phsenomena to which it 
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H' will give riso is immense : in the first place it will 

^f develop a vast quantity of pbyeical forco — cleaving 

IT the water in all directions with considerable rapidity 

by means of the vibrations of the long filament or 

cUium. 

Nor is the amount of chemical energy which the little 
creature possesses less striking. It is a perfect laboratory 
in itself, and it will act and react upon the water and 
the matters contained therein ; converting them into new 
compounds resembling its own substance, and at the 
same time giving up portions of its own substance which 
have become effete. 

Furthermore, the Euglena will increase in size ; but 
this increase is by no means unlimited, as the increase 
of a crystal might ba After it has grown to a certain 
extent it divides, and each portion assumes the form of 
the original, and proceeds to repeat the process of growth 
and division. 

Nor is this all. For after a series of such divisions 

and subdivisions, these minute points assume a totally 

new form, lose their long tails — round themselves, and 

secrete a sort of envelope or box, in which they remain 

shut up for a time, eventually to resume, diiectly or 

^^ indirectly, their primitive mode of existence. 

^Bv Now, so far as we know, there is no natural limit to 

^Hhe existence of the Euglena, or of any other bving germ. 

HEa living species once launched into existence tends to 

live for ever. 

Consider how ■widely different this living particle is 
from the dead atoms with which the physicist and 
chemist have to do! 

'ITie particle of gold falls to the bottom and rests — 
Jie particle of dead protein decomposes and disappears — 
t afco rests : but the living protein mass neither tends 
'\ exhaustion of its forces nor to any permanency of 
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form, l>nt 13 essentiallj (listinguifilied as & disturber 
of equilibrium 6o far as force is concerned, — as under- 
going continual mctamorpbosls and change, in point of 
form. 

Tendency to equilibrium of force and to permanency 
of form, then, are the characters of that portion of the 
universe which does not live — the domain of the chemist 
nnd physicist 

Tendency to disturb existing equilibrium — to t:ike on 
(onas which succeed one another in definite cycles — is 
tlie chai'acter of the Uving world. 

What is the cause of this wonderfid difference between 
the dead particle and the living particle of matter 
appearing in other respects identical ? that difference 
to wliieh we give the name of Life 1 

I, for one, cannot t«U you. It may be that, by and 
liy, philosophers wiU discover some higher laws of which 
the fjiL'ts of life are particular cases — verj' possibly they 
will find out some bond between physico-chemical 
pliEenomcna on the one hand, and vital plioenomena 
uu the other. At present, however, we assuredly know 
of none; and I think we shall exercise a wise humility 
in confessing that, for us at least, this successive assump- 
tion of different states — (external conditions remaining 
the Siune) — this sponta7icity of nct'ion — if I may use 
a term which implies more than I would be answerable 
for — ^which constitutes so vast and plain a practical 
Llistinction between living bodies and those which do 
not live, is an ultimate lact ; indicating as such, the 
existence of a broad line of demarcation between the 
Bubject-muttcr of Biological and that of all other sciences. 
For I would have it understood that this simple 
Euo'lcna" is the type of all living things, so far as the 
distinction between these and inert matter is concerned. 
Ihat cycle of changes, which is constituted by perhaps 
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not more tLn.n two or three steps in the Euglena, is 
as clearly manifested in the mnltitudinous stages through 
which the gerui of an oak or of a man passes. What- 
ever forms the Living Being may take on, whether 
simple or complex, production, growth, reproduction, 
are the phEenomena which distinguish it from that 
whieh does not live. 

If this be tme, it is clear that tbe student, in passing 
from the physico-chemical to the physiological seiencea, 
enters upon a totally new order of facts ; and it 'will 
next be for us to consider how far tliese new facts 
involve neio methods, or require a modification of those 
with which he is already acquainted. Now a great - 
deal is said about the peculiarity of the scientific method 
in general, and of the different methods which are 
pursued in the different sciences. The Mathematics 
arc said to have one special method ; Physics another. 
Biology a third, and ao forth, For my own part, I 
must confess that I do not understand this phraseology. 

So far as I can arrive at any clear comprehension 
of the matter, Science is not, as many would seem to 
suppose, a modification of the black art, suited to the 
tastes of the nineteenth century, and flourishing mainly 
in consequence of the decay of the Inquisition. — 

Science is, I believe, nothing but trained and orga- ^m 
nized common sense, differing from the latter only as ^M 
a veteran may differ from a raw recruit : and its methods ^ 
differ from those of common sense only so far as the 
guardsman's cut and thrust differ fr-om the manner 
iu which a savage wields his club. The primary power 
is the same in each esise, and perhaps the untutored 
savage hiis the more bra'wny arm of the twa The 
7^cal advantage lies in the point and polish of the 

'ordsman's weapon ; in the trained eye quick to spy 

t tlio ■v\'eakncss of tht pdversary ; in the ready band 
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promjrt to follow it on the instant. But, after all, the 
sword exercise is only tbe hewing and poldng of the 
cluhman developed and ptrfLC-tod. 

So, the vast results obtained by Soienco nre won 
by no mystical faculties, by no mental processes, other 
than those which are practised by every one of us, 
in the humblest and meanest affairs of life. A detective 

Eoliceman discovers a burglar from the marks made 
y his shoe, by a mental process identical with that 
by which Cuvier restored the extinct animals of Mont- 
martre from fragments of their bonea. Nor docs that 
process of induction and deduction by which a lady, 
finding a stain of a peculiar kind upon her dress, con- 
cludes that somebody has upset the inkstand thereon, 
diifer in any way, in kind, from that hy which Adama 
and Leverrior discovered a new planet. 

The man of science, in fact, simply uses witli scru- 
pulous exactness, the methods which we all, habitually 
and at every moment, use carelessly ; and the man 
of business must as much avail himself of the scientific 
method — ^must be as truly a man of science— as the 
veriest bookworm of us all ; though I have no doubt 
that the man of business will find himself out to be a 
philosopher with as much surprise as M. Jourdain 
exhibited, when he discovered that he had been all 
his life talking prose. If, however, there be no real 
difference between the methods of science and those 
of common life, it would seem, on the face of the 
matter, highly improbable that there should he any 
difference between the methods of the different sciences ; 
nevertheless, it is constantly taken for granted, that 
there is a very wide difference between the Physiological 
and other sciences in point of method. 

In the first place it is said — and I take this point 
first, because the imputation is too frequently admitted 
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by Physiologists themselves — that Biology difFera firom 
the Physico-chemical aud Uathi?matical sciences in 
being "inexact." 

Now, this phrase "inexact" must refer either to the 
methods or to the results of Physiological science. ^ 

It cannot be correct to apply it to the methods ; for, 
as I hope to show you by and by, these are iden- 
tical in all sciences, and whatever is true of Physiological 
method is true of Physical and Mathematical mcthotL 

la it then the results of Biological science which are 
"inexact"? I think not. If I say that respiration is 
performed by the lungs ; that digestion is effected in the 
stomach ; that the eye is the organ of sight ; that the 
jaws of a Tcrtebratcd animal never open sideways, but 
always up and down ; while those of an annulose animal 
always open sideways, and never up and down — I am 
enumcratiug propositions which are as exact as anything 
m Euclid. How then has this notion of tlie inexactness 
Biological science come about ? I believe from two 

luses ; first, because, in consequence of the great com- 
■plexity of the science and the multitude of interfering 
conditions, we are very often only enabled to predict 
approximately what will occur under given circum- 
stances ; and secondly, because, on account of the com- 
parative youth of the Physiological a-^iencca, a gi-cat - 
many of their laws are st^l imperfectly worked out. 
But, in an educational point of view, it is most important 
to distinguish between the essence of a science and 
the accidents which surround it ; and essentially, the 
methods and results of Physiology arc as exact as those 
of Physics or Mathematics. 

It is Siiid that the Physiological method is especially 
comjxirative ^ ; and this dictum also finds favour in the 

* "In the lliird place, we hiive to review the method of Com] 
V 10 EpecmU; iida^Uni to tLe ulixdj of liviiig bodies, aud ' 
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^cs of many. I should be sorry to suggest that tho 
speculatoi-s on scientific classification have been misled 
by the accident of the name of one leading branch of 
Biology — Comparative Anatomy ; but I would ask 
whether comparison, and that claasifieation which is the 
result of comparison, are not the essence of every science 
whatsoever 1 How ia it possible to discover a relation of 
cause and effect of atiy kind without comparing a series 
of cases together in which the siipposed cause and effect 
occur singly, or combined ? So far from comparison 
being in any way peculiar to Biological science, it is, 
I think, the essence of every science. 

A speculative philosopher again tells us that the 
Biological sciences are distinguished by being sciences 
of observation and not of experiment ! ^ 

Of all the strange assertions into which speculation 
without practical acquaintance with a subject may lead 
even an able man, I think this ia the very strangest; 
Physiology not an experimental science I Why, there 



otliBTB, tlmt study nnst be ndvADced. In Astronoinj', this tneOiod is jieces- 
BOiily inupplicable ; and it ia not till we arrive at Cliemistr/ thut this third 
meaiia of iaveatigiition can bo used, und tliea ouly iu subordination to the 
two otheiB. It ia in the study, both stutical and dymimical, of livijig bodies 
that it first acquires its fall development ; and its uaa elsewhere can be only 
throuab its application here."— Comtb's Posiii'oe Fhilompk'g, translated by 



Mifw Miirtineiiu. Vol. i. p. 372. 
" " es M. " 

le diaainiilaiity or aimilajity < 
e slight importujice not only in Astronomy and Physics, but 



By what method does M. Comte suppose that the equality or inequality of 
forces and quantities and the diasimilaiity or Bimikjity of forms — points of 



Muthemntica — are ascertained, if not by Comparison I 

''Proceeding to tie second class of means,— Enperiment cannot but ba 
leas and less decisive, in proportion to the complexity of the phicnoniena to ha 
explored j and therefore wo saw thia rMonrce to be less effectual in chemistry 
thuu in physira : and we now £nd that it is eminently useful is chcnustry in 
comparison with physiology. In fact, ike tialure of tkephmnonuna seem* to 
offer almoBt inmmtountahU iinpedimentt to any extensitie andpralific applioo- 
tion of nich apTBcedure in biology," — Comtb, vol. L p. 31)7. 

M. Comte, ns his manner is, contradicts himself two pn^es further od, bnl 
that win hardly relieve him ftom tbe responaibility of such a paragraph u 
lUouburo, 
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^^ra uot a function of a single organ in the body which has 
^Kiot been determined wholly and solely by experiment, 
^ How did Harvey determine the nature of the circulation, 
except by experiment 1 How did Sir Charles Bell de- 
termine the functions of the roots of the spinal nerves, 
■gave by experiment ? How do we know the use of a 
ifterve at all, except by experiment ? Nay, how do yon 
know even that your eye is your seeing apparatus, imless 
you make the experiment of shutting it; or that your 
car is your hearing apparatus, unless you close it up and 
thereby discover that you become deaf? 

It would really be much more tmc to say that Phy- 

ISology is the experimental science par excellence of all 

cicncos ; that in which there is least to be learnt by 

pere observation, and that which afforda the greatest 

eld for the exercise of those faculties which cluu-acterisc 

fee experimental philosopher. I confess, if any one 

bere to ask me for a model application of the logic of 

j)eriment, I should know no better work to put into 

! hands than Bernard's late Researches on the Pune- 

Mons of the Liver.^ 

Not to give this lecture a too controversial tone, how- 
ever, I must only advert to one more doctrine, held by a 
thinker of our own age and country, whose opinions arc 
worthy of all respect. It is, that the Biological sciences 
differ from all others, inasmuch as in /7(e«i classification 
takes place by type and not by definition.^ 

• "Nonvelle FonctJon du Foie conaid<5rii comme organe prodactenr de 
mati^ BQCcde chezrHomme et les Aiiimani,"par M. Climde Bernard. 

* " Natitral Qtoups yivea by Tifpe, not Ly Definition The class b 

■l«iidily fixed, Ihough not precisely limited ; it is given, tbough sot oircum- 
icrilied \ it U dettnnined, not liy a boundarf-line withoat, but by a central 
iMjintwilhiD; not by whut it strictly excludes, but what it eminently includes j 
l>y un example, uot by a precept ; in short, inst«nd of DefinlUon we have a 
type for our director. A tj])o is an cxiimpla of iny cIi-.bs, for inataneo, s 
species of a genus, which is considered la eminently possopsin^ the chiirncteni 
of the diss. All the species which have a greaicr nlliDity wilh ihin type' 
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It ia said, in short, tliat a natural-history class is not 
capable of being defined — that the class Eosacese, for 

instance, or the class of Fishes, is not accurately and 
absolutely definable, inasmuch as its members will pre- 
sent exceptions to every possible definition ; and that 
the members of the class- are united together only by 
the circumstance that they are all more like some 
imaginary average rose or average fish, than they 
resemble anything else. 

But here, as before, I think the distinction has arisen 
entirely from confusing a transitory imperfection with 
an essential character. So long as our information con- 
cerning them is imperfect, we class all objects together 
according to resemblances wliieh we feel, but cannot 
define; we group them round types, in short. Thus, 
if you ask an ordinary person what kinds of animals 
there are, he will probably say, beasts, birds, reptiles, 
fishes, insects, &c. Ask hira to define a beast from a 
reptile, and he cannot do it ; but he says, things like 
a cow or a horse are beasts, and things like a frog or a 
lizard are reptiles. You see lie does class by type, and 
not by definition. But how does this classification differ 
from that of the scientific Zoologist i How does the 
meaning of the scientific class-name of "Mammalia" 
difl'er from the unscientific of "Beasts"? 

Why, exactly because the former depends on a defi- 
nition, the latter on a type. The class Mammalia is 
Eeientifieally defined as "all animals which have a ver- 
tebrated skeleton and suckle their young." Here is no 
reference to typo, but a definition rigorous enough for a 
geometrician. And such is the character which every 
scientific naturalist recognises aa that to which his classes 



■peciea than with any others, forni tbe genus, and are ranged ahaut it, 
fcviatm<! from it in varioiia directions and different degreeB." — Whbweli, 
Tkt Fh-ilosopky of the Indvetive Sr.icjice», vol. i. pp. 476, 477. 
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must aspire — knowinc^, a3 he does, tliat classification by 
type is simply an acknowledgment of ignorance and a 
temporary devioe. 

So mui-li in the way of negative argument as against 
the reputed differencea between Biological and other 
methods. No such differences, I believe, really exist. 
The subject-matt<?r of Biological science is different 
from that of other sciences, but the methods of all are 
identical; and these methods are — 

1. Observation of facta — including under this head 
tLat artificial observation which is called experiment. 

2. That process of tying up similar facts into bundles, 
ticketed and ready for use, which is called Comparison 
and Classification, — the results of the process, the 
ticketed bundles, being named General propositiona. 

3. Deduction, which takes us from the general pro- 
])osition to facts again — teaches us, if I may so say, to 
luiticipate from the ticket what is inside the bundle. 
And finally — 

4. Verification, which is the process of ascertaining 
whether, in point of fact, our anticipation ia a correct 

^P, Such are the methods of all science whatsoever ; but 

' perhaps you wiU permit me to give you an illustration 

of their employment in the science of Life ; and I will 

take as a special case, the estal)lishment of the doctrine 

of the Circulation of the Blood. 

In this case, simptle observation yields us a knowledge 
of the existence of the blood from some accidental 
haemorrhage, we will say : we may even grant that it 
informs us of the localization of this blood in particular 
vessels, the heart, &c., from some accidental cut or the 
like. It teaches also the existence of a pulse in various 
parts of the body, and acquaints us with the structure <tf • 
the heart and vessels. 
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Here, however, simple observation stops, and we 
must Lave recourse to experiment. 
You tie a vein, and you find that the blood accumu- 
lates on the side of the ligature opposite the heart. You 
tie an artery, and you find that the hlood aceumuiates 
on the side near the heart. Open the chest, and yoa 
Bee the heart contracting with great force. Make open- 
ings into its principal cavities, and you will find that 
all the blood fiows out, and no more pressure is exerted 
on either side of tlie arterial or venous ligature. 
Now all these facts, taken together, constitute the 
evidence that the blood is propelled by the heart through 
the arteries, and returns by the veins — that, in short, the 
blood circidatcs. 

Suppose our experiments and observations have been 

tmade on horses, then we group and ticket them into a 
general proposition, thus ; — all horses have a circulation 
of their blood. 

Henceforward a horse is a sort of indication or label, 
telliug US where we shall find a peculiar series of phe- 
nomena called the circulation of the blood. 
tHere is our general proposition, then. 
How, and when, are we justified in making our nest 
step — a deduction fi-om it \ 

Suppose our physiologist, whose experience is limited 
to horses, meets with a zebra for the fii-st time, — wdl be 
Buppose that this geueralization holds good for zebras 
also? 

That depends very much on his turn of mind. But 

we will suppose him to be a bold man. He will say, 

" The zebra is certainly not a horse, but it is very liko 

I one, — so Hke, that it mast be the ' ticket ' or mark of a 

I blood-circulation also; and, I conclude that the zebra 

3 a circulation." 

That is a deduction, a very f 
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means to be considered scientifically secure. This last 
quality in fact can only be given by verification — that 
is, by malting a zebra the subject of all the experiments 
performed on the horse. Of course, ia the present case, 
the deduction would be confinned by this process of 
verification, and the result would be, not merely a 
positive widening of knowledge, but a fair increase of 
confidcuce in the truth of one's generalizations in other 
cases. 

Thus, having settled the point in the zebra aud hoi 
our philosophei" would have great confidence in the 
istence of a circulation ia the ass. Nay, I fancy n 
persona would excuse him, if in this case he did not 
talie the trouble to go through the process of verification 
at all ; and it would not be without a parallel in the 
history of the human mind, if our imaginary physiologist 
now maintained that he was acquainted with asinine 
rireulation d priori. 

However, if I might impress any caution upon your 
minds, it is, the utterly conditional nanirc of all our 
knowledge, — the danger of neglecting the process of 
vorification under any circumstances ; and the film upon 
which we rest, the moment our deductions carry us 
Iveyoud the reach of this great process of verification. 
There is no better instance of this than is afibrded by 
the history of our knowledge of the circulation of the 
blood in the animal kingdom until the year 1824. In 
every animal possessing a circulation at all, which had 
been obser\'ed up to that time, the current of the blood 
was known to take one definite and invariable direction. 
Now, there ia a class of animals called Ascidians, which 
possess a heart and a circulation, and up to the period of 
jhich I sjieak, no one would have dreamt of questioning 

1 propriety of the deduction, that these creatures have, 

" irculation in one direction ; nor would any one have 
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thought it worth while to verify the point. But, in that 
year, M. von Hasselt, happening to examine a transparent 
animal of this chiss, found, to his infinite surprise, that 
after the heai-t had beat a certain number of times, it 
stopped, and then began beating the opposite way — so 
as to reverse the course of the current, which returned 
by and by to its original direction. 

I have myself timed the heart of these little animals. 
T found it as regular as possible in its periods of reversal : 
and I know no spectacle in tlie animal kingdom more 
wonderful than that which it jffcsents — all the more 
wonderful that to this day it remains an unique fact, 
peculiar to this class among the whole animated world. 
At the same time I k-now of no more striking case of 
the necessity of the verification of even those deduc- 
tions which seem founded on the widest and safest 
inductions. 

Such are the methods of Biology — methods which are 
obviously identical with those of all other sciences, and 
therefore wholly incompetent to form the ground of any 
distinction between it and them.^ 

But I shall be asked at once, Do you rae.nn to say 
that there is no difference between the habit of mind 
of a mathematician and that of a naturalist T Do you 
imagine that Laplace might have been put into the 
Jardin des Plantes, and Cuvier into the Observatory, 
with equal ailvautage to the progress of the sciences 
they professed ? , 

To which I would reply, that nothing eould be further 
from my thoughts. But different habits and various 
special tendencies of two sciences do not imply dififerent 
methods. The mountaineer and the man of the plains 
have very different habits of progression, and each 

' Save for tho pleiianre of doing so, I need hardly point out my obltgationi 
t>i Mr. |T. S, Slill's " SjEten of Logic," in Iliis view of Bcieiitific method. 
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would be at a loss in the other's place ; but the method- 
of progressiou, by putting one Ic^ before the other, i»j 
the same in each ease, Ev-^ery step of each is a combi- 
nation of a bft and a push ; Imt the mountaineer lifts 
more and the lowlander pushes more. And I think tlie 
C98e of two sciences resembles this, 

I do not question for a moment, that while the Jlathe- 

itician is busied with deductions from general pro- 
positions, the Biologist ia more especially occupied with 
observation, comparison, and those processes which lead 
to general propositions. All I wish to insist upon is, 
that this <£fference depends DJt on any fundamental 
distinction in the scieoccs thenselves, but ou the ac* 
cidents of their subject-matter, of their relative eomf 
jjlexity, and consequent relative perfection. 

The Mathematician deals with two properties of 
objects only, number and extension, and all the 
ductions he wants have been formed and finished ages 
ago. He is occupied now with nothing but deduction 
and verification. 

The Biologist deals with a vast number of properties 
of objects, and his inductions will not be completed, I 
fear, for ages to come ; but when they are, his science 
will be as deductive and as exact as the Jlatheraatica 
themselves. 

Such is the relation of Biology to those scieucea whicl 
deal with objects having fewer properties than itself. 
But as the student, in reaching Biology, looks back upon 
sciences of a less complex and therefore more perfect 
nature ; so, on the other hand, docs he look forward to 
other more complex and less perfect branches of know- 
ledge. Biology deals only with living beings as isolated 
tilings — treats only of the life of the individual : but 
" are is a higher division of science still, which consideia 

ing beings as aggregates — ^which deals with the rela- 
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tioQ of living beings one to another — the science which 
observes men — whose experiments are made by nations 
one upon another, in battle-fields — whose general propo- 
sitions are embodied in history, morality, and religion — 
whose deductions lead to our happiness or our misery, 
— and whose veiijicacions bo often come too late, 
Bcn'e only 

"To point » moral or adorn ft taJe" — 

1 mean tbe science of Society or Sociology. 

I think it is one of the grandest features of Biology, 
that it occupies this central position in humnu kno\^- 
ledge. There is no aide of the human mind which 
physiological study leaves uncultivated. Connected by 
innumerable ties with abstract science, Physiology ia yet 
in the most intimate relation with humanity ; and by 
teaching us that law and order, and a definite scheme 
of development, regulate even the strangest and wildest 
manifestations of individual life, she prepares the student 
to look for a goal even amidst the erratic wanderings of 
mankind, and to believe that history offers something 
more than an entertaining chaos — a journal of a toilsome, 
tragi-comic march nowhither. 

The preceding considerations have, I hope, served to 
indicate the replies which befit the two first of the 
questions which I set before you at starting, viz. what ia 
the range and position of Physiological Science as a 
branch of knowledge, and what is its value as a means 
of mental discipline. 

Its sifbject-matter ia a large moiety of the universe — 

its position is midway between the physico-chemical and 

the social sciences. Its value as a branch of discipline 

_ U partly that which it has in common with all sciences — 

^k the training and strengthening of common sense ; partly 

^V that which is more peculiar to itself — the creat exercise 

lb. 
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which it affbrcls to the faculties of observation and com- 
paristin ; aud I may add, the exactness of knowledge 

I which it requires on the part of those among its votaries 
■rho desire to extend its boundaries. 
I If what has been said as to the position and scope 
of Biology be correct, our third question — What is the 
practical value of physiological instruction \ — might, one 
would think, be left to answer itsel£ 

On other grounds even, were mankind deserving of 
the title " rational," which they arrogate to themselves, 
there cau he no question that they would consider, as the 
most necessary of all branches of instruction for them- 
selves and for their children, that which professes to 
acquaint them with the conditions of the existence they 
prize 80 highly — which teaches them how to avoid 
disease and to cherish health, in themselves and thi 
who are dear to them. 

I am addressing, I imagine, an audience of educated 
persons ; and yet I dare venture to assert that, with the 
exception of those of my hearers who may chance to 
have received a medical education, there is not one who 
could tell me what is the meaning and use of an act 
which he performs a score of times every minute, and 
whose suspension would involve his immediate death ; — 
I mean the act of breathing — or who could st-ate in 
precise terms why it is that a confined atmosphere is 
injurious to health. 

The practical value of Physiological knowledge ! 
Why is it that educated men cau be found to maintain 
that a slaughter-house in the midst of a great city is 
rather a good thing than otherwise ? — that mothei-s 
persist in exposing the largest possible amomit of surface 
of their children to the cold, by the absurd stylo of drcsa 
they adopt, and then marvel at the peculiar dispensatioHj 
of Providence, which removes their infants by bronchil' 
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Jld gastric fcrer? AVhy is it that quackery riJus ram- 
laot over tlie land ; and that not long a^o, one of the 
argcst public roonia in thia great city could be filled by 
an audience gravely listening to the reverend expositor 
of the floctriue — that the simple physiological phosnomeDa 
known as spirit-rapping, table-turning, pnreno-magnetism, 
and by I know not what other absurd and inappropriate 
names, are due to the direct and personal agency of Satan ? 
Why is all this, except from the utter ignorance as to 
the Biiupleat 'awa of their own animal life, which prevails 
among evcB the most highly educated persons in thia 
countiy ? 

But there are other branches of Biological Science, 
besides Physiology proper, whose practical influence, 
though less obvious, is not, as I believe, less certain. I 
have heard educated men speak with an ill-diaguised 
contempt of the studies of the naturalist, and ask, not 
without a shrug, " What is the use of knowing all about 
these miserable animals — what bearing has it on. human 
life?" 

I will endeavour to answer that question. I take it 
that all will admit there is definite Government of this 
universe— that its pleasures and pains are not scattered 
at random, but arc distributed in accordance with orderly 
and fixed laws, and that it is only in accordance with 
all we know of the rest of the world, that there should 
be an agreement between one portion of the sensitive 
creation and another in these matters. 

Surely then it interests us to know the lot of other 
animal creatures — however fur below us, they are still 
the sole created things which share with us the capability 
of pleasure and the susceptibility to pain. 

I cannot but think that he who finds a certain pro- 
I portion of pain and evil inseparably woven up in the life 
I of the very worms, will bear his own share with more 
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courage and submission ; and ivill, at any rate, view -n 
suspii;iou those weakly amiable theories of the Divi 
government, which would have us believe pain to be 
oversight and a mistake, — to be corrected by and by. 
On the other hand, the predominance of happiness 
among living things— their lavish beauty — the secret and 
wonderful harmony which pervades them all, from the 
liiglest to the lowest, are equally striking refutations of 
that modern Maniehean doctrine, which exhibits the 
world as a slave-mill, worked with many tears, for mere 
utilitarian ends. 

There is yet another way in which natural history 
may, I am convinced, take a profound hold upon practical 
life, — and that is, by its influence over our finer feelings, 
as the greatest of all sources of that pleasure which is 
derivable from beauty. I do not pretend that natural- 
history knowledge, as such, can increase our sense of the 
beautiful in natural objects. I do not suppose that the 
dead soul of Peter Bell, of whom the great poet of nature 
says,— 

tA primrose by the river's brim, _ 

_ A yellow primrose was to him, — J 

I And it waa nothing more, — ■ 

Would have been a whit roused from its apathy, by the * 
information that - the primrose is a Dicotyledonous 
Exogen, with a monopetalous corolla and central placen- 
tation. But I advocate natural-hiatoiy kuowledge from 
this point of view, because it "vould lead us to seclc the 
beauties of natural objects, instead of trusting to chance 
to force them on our attention. To a person uninstructcd 
in natural history, his country or soa-side stroll is a walk 
thi'ough a galleiy filled with wonderful works of art, 
nine-tenths of which have their faces turned to the wall. 
Teach him something of natural history, and you place 
in his hands a catalogue of those which are worth 



iJf SERMONS, ADDRESSES. A.\D tiEriEWS. 



i 



wept 



turning round. Surely our innocent pleasures arc not so 
abuudmit in this life, that we can afford to despise this 
ur any other Bource of them. We should fear being 
banished for our neglect to that limbo, where the great 
Florentine tells us are those who, during this life, " wept 
when they mi^ht be joyfuL" 

Bat I shnll be trespassing unwarrantably on 
UiudncMS, if 1 do not proceed at once to my last point- 
thc time at which Pbyaiological Science should first - 
a part of the Curriculum of Education. 

The distinction between the teaching of the facts 
fMri<mce a3 instruction, and the teaching it systematicalli 
tun knowledge, has already been placed before you in a 
previous lecture : and it appears to me, that, as with 
other ficieijces, the common fads of Biology — the uses of 
|)art8 of the body — tlie names and habits of the living 
crcuturiia which surround us — may be taught with 
ailvautage to the youngest child. Indeed, the avidity of 
children for this kind of knowledge, and the comparative 
caac witli which they retain it, is something quite 
marvelloua. I doubt whether any toy would be so 
luurcptuble to young children as a vivarium of the same 
kind aa, but of course on a smaller scale than those 
■ulmirablc devices in the Zoological Gardens. 

On the other hand, systematic teaching in Biology 
' iimiot \w attempted with success until the student has 
attained to a certain knowledge of physics and chemistry : 
lor thoiigli the phainomena of life are dependent neither 
on phyaiciil nor on chemical, but on vital forces, yet they 
— "It in all sorts of physical and chemical changes, 

ch can only be judged by their own laws. 

,nd now to sura up in a few words the conclusions to 

ch I hope you see reason to follow me, 

liology needs no apologist when she demands a placo 

nd a prominent place — in any scheme of education 
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worthy of the name. Leave out the Physiological 
sciences from your curriculmn, and you kunch the 
student into the world, undisciplined in that science 
whose subject-matter would best develop his powers of 
observation ; ignorant of facta of the deepest importance 
for hia own and others' weKare; blind to the richest 
sources of beauty in God'a creation ; and unprovided 
with that belief in a living law, and an order manifesting 
itself in and through entUesa change and variety, which 
might serve to check and moderate that phase of despair 
through which, if he tJike an earnest interest in social 
problems, he will assuredly sooner or later pass. 

Finally, one word for myself. I have not hesitated to 
speak strongly where I have felt strongly ; and I am but 
too conscioua that the indicative and imperative moods 
have too often taken the place of the more becoming 
subjunctive and conditionaL I feci, therefore, how 
necessary it is to beg you to forget the personality oi m 
him who has thus ventured to address you, and to conj 
aider only the truth or errot in vvliat has been eaid. 




ON THE STUUY OF ZOOLOGY, 

Natuiial History is the name familiarly applied to the 
Htmly of tlic properties of such natural bodies as mine- 
rrilfl, plants, and animals ; the sciences which embody 
tim knowledge man has acquired upon these subjects 
are commonly termed Natural Sciences, in contradistinc- 
tion to other fio-called " physical " BcieQccs ; and those 
who devote themselves especially to the pursuit of 
BUch sciences have been and are commonly termed 
" Naturalists." 

Liunffiua was a naturalist in this wide sense, and hia 
" Systema Naturre " was a work upon natural history, in 
the broadest acceptation of the term ; in it, that great 
methodizing spirit embodied all that was known in his 
tirau of the distinctive characters of minerals, animals, 
and plantH. But the enormous stimulus which Linnaeus 
Gave to the investigation of nature soon rendered it 
luipORsiblo that any one man should write another 
" Systema Naturaj," and extremely difficult for any ono 
to become a naturalist such aa Linnteua was. ~ 

Great as have been the advances made by all the thrt 
branches of science, of old included under the title ^ 
natural history, there can be no doubt that zoology aaJ 
botany have grown in an enormously greater ratio tlu 
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miDtnilogy ; and hence, as I suppose, the name of 
"natural Listory" has gradually become more and more 
definitely attached to these prominent divisions of tlie 
Bubjeet, and by "natiu-alist" people have meant more 
and more diatinetly to imply a student of the structure 
and functions of living beings. 

However this may be, it is certain that the advance of 
knowledge has gradually widened the distance between 
mineralogy and its old associates, while it has drawn 
joology and botany closer together ; so that of late years 
it haa been found convenient (and indeed necessary) to 
associate the sciences which deal with vitality and aU its 
phenomena under the common head of "biology;" and 
the biologists have come to repudiate any blood-relation- 
ship with their foster-brothers, the mineralogists. 

Certain broad laws have a general application through- 
out both the animal and the vegetable worlds, but the 
ground common to these kingdoms of nature is not of 
very wide estent, and the multiplicity of details is so 
great, that the student of living beings finds himself 
obliged to devote his attention exclusively either to the 
one or the other. If he elects to study plants, under 
iSny aspect, we know at once what to call him. He is a 
Iwtanist, and his science is botiiny. But if the investi- 
gation of animal life be his choice, the name generally 
applied to him will vary according to the kind of 
animals he studies, or the particular phrenomena of 
animal life to which be confines his attention. If the 
study of man is his object, he is called an anatomist, or. 
a physiologist, or an ethnologist ; but if he dissects 
animals, or examines into the mode in which their func- 
tions are performed, he is a comparative anatomist or 
comparative physiologist. If he turns his iitteution to 
'lEBii animals, he is a paliEontoIogi.«t. It his mind ia 
lore particularly directed to the description specific, 
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L'flisonmination, classification, aud ilistributioa of anmials, 
I be Ut termed a zoologist 

For the puqioaea of the present discourse, however, I 
shall recognise none of these titles save the last, which I 
shall emi>loy as the equivalent of botanist, and I shall 
UHe the ttTiM zoology as denoting the whole doctrine 
of animal life, in contradistinction to botany, which 
wgnificB the whole doctrine of vegetable life. 

Employed in this sense, zoology, like botany, is di- 
viaible into three great but subordinate sciences, mor- 
pholupy, physiology, and distribution, each of which 
may, to a very great extent, be studied independently 
of the otiicr. 

Zoological morphology is the doctrine of animal form 
or structure. Anatomy is one of its branches ; develop- 
ment is another; while classification is the expression 
of the relations which different animals bear to one 
anotlier, in respect of their anatomy and their develop-, 
mcnt. 

Zoological distribution is the study of animals 
wlation to the terrestrial conditions which obtain nowJ!5 
or have obtained at any previous epoch of the earth's 
history. _ 

Zoological physiology, lastly, is the doctrine of the 
functions or actions of animals. It regards animal bodies 
as machines impelled by certain forces, and performing 
an amount of work which can be expressed in terms of 
the ordinary forces of nature. The final object ofph; 
.siology is to deduce the facts of morphology, on the o] 
jiand, and those of distribution on the other, from 
laws of the molecular forces of matter. 

Such is the scope of zoology. But if I were to eonfcenj 
myself with the enunciation of tliese dry definitions, 
should ill exemplify that method of teaching this brano] 
of physical science, which it is my chief business 
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iiiglit to rccommenrl. Let U3 turn away tlicn from 
abstract definitioua. Let us take some concrete living 
tiling, some animal, the commocer the better, and let us 
Bee how the application of common sense and common 
logic to the obvious facts it presents, inevitably leads us 
into all these branches of zoological science. 
^ I have before me a lobster. AVhcn I examine it, what 
fcppears to be the most striking character it presents? 
Fwhy, I observe that thia part which we call the tail of 
the lobster, is made up of six distinct hard rings and 
seventh terminal piece. If I separate one of the middl< 
rings, say the third, I find it can-ics upon its under sur- 
face a pair of limbs or appendages, each of which con- 
sists of a stalk and two terminal pieces. So that I can 
represent a transverse section of the ring and its appen- 
dages upon the diagram board in this way. 

If I now take the fourth ring I find it has the sarai _ 
structure, and so have the fifth and the second ; so that^ 
in each of these divisions of the tail, I find parts which 
correspond with one a.nother, a ring and two appendages ; 
and in each appendage a stalk and two end pieces. 
These corresponding parts are called, in the technical 
language of anatomy, " homologous parts," The ring 
of the third division is the "homologue" of the ring 
of the fifth, the appendage of the former is the homo- 
logue of the appeudage of the latter. And, as each 
division exhibits corresponding parts in coiTcsponding 
places, we say that all the divisions are constructed upon 
the same plan. But now let us consider the sixth di- 
vision. It is similar to, and yet different from, the 
others. The ring is essentially the same as in the other 
divisions ; but the appendages look at first as if they 
were very difi'ereut ; and yet when we regard them 
closely, what do we find 1 A stalk and two tei 
divisions, exactly as in the others, but the sta]k is verj 
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«llort and very thick, tbe tenninal divisions are very 
broud aud flat* and one of them is divided into two 
^jriccea. 

I may say, therefore, that the sixth segment is like the. 
Others in plan, but that it is modified in its d3tails. 

The fiiBt eegraent is like the others, so far as its ring is 
concenierl, and though its appendages differ from any of 
those yet examined in the simplicity of their structure, 
partK corresponding with the stem and one of the divi- 
■ionH of the appendages of the other segraenta can be 
Wndily diBcerncd in them. 

Thus it appears that the lobster's tail is composed of 
a Series of segments which are fundamentally similar, 
though eixch presents peculiar modifications of the plan 
uoniinnii f« all. But when I turn to the fore part of the 
)x)dy 1 see, at first, nothing but a great shield-like shell, 
eallcd teehnieully the " carapace," ending in front in a 
Kharp Bpino, on either side of which are the curious com- 
nouud eycH, set upon the end-s of stout moveable stalks. 
lichind these, on the under side of the body, are two 
riaini of long feelers, or antcunie, followed by six pairs of 
]aw», folded against one another over the mouth, and 
firo paifH of legs, the foremost of these being the great 
pinchcn*, or elaws, of the lobster. 

it lookH, at first, a little hopeless to attempt to find in 
lliiii (»mplex mass a scries of rings, each with its pair of 
iij)jicndag(!H, Buch an I have shown you in the aljdomen, 
und yet it is not difficult to demonstrate their existence. 
Strip off the legfl, and you will find that each pair ia 
■ftttachcd to a veiy definite segment of the under wall 
of the body ; but these segments, instead of being the 
lower parts of free rings, as in the tail, are such pai-ts of 
rings which are all solidly united and bound together ; 
and the like jh true of the jaws, the feelers, and tlie eye- 
Btalks, every pair of which ia lorne upon its own .special 
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segment Tlius the conclusion is gradually forced iipoa 
us, that the body of the lobster is composed of as many 
rings as there are pairs of appendages, namely, twenty 
in fill, but that the six hindmost rings remain free and 
moveable, while the fourteen front rings become firmly 
euldered together, their backs forming one continuous 
jhield — the carapace. 

Unity of plan, diversity in execution, is the lesson 
taught by the study of the rings of the body, and the 
same instruction is given still more emphatically by the 
appendages. If I examine t!ie outermost jaw I find it 
consists of three dlatinet portions, an inner, a middle, 
and an outer, mounted upon a common stem ; and if I 
eompare this jaw with the legs behind it, or the jaws in 
front of it, I find it quite easy to see, that, in the legs, it 
is the part of the appendage which corresponds with the 
inner division, which becomes modified into what we 
know familiarly as the " leg," while the middle division 
disappears, and the outer division is hidden under the 
carapace. Nor ia it more difficult to discern that, in the 
appendages of the tail, the middle division appeai-s 
again and the outer vanishes ; while, on the other hand, 
in the foremost jaw, the so-called mandible, the inner 

division only ia left ; and, in the same way, the parts of 

^b^ feelers and of the eye-staiks can be identified wit^^H 
^Biose of the lcg» and jaws. ^^| 

H^ But whither does all this tend 1 To the very remark-^H 
ahle conclusion that a unity of plan, of the same kind as 
that discoverable in the tail or abdomen of the lobster, 
pervades the whole organization of its skeleton, so that 
[ can return to the diagram representing any one of the 
rings of the tail, which I drew upon the board, and In' 
adding a third division to each apjiendage, 1 can use it 
as a sent of scheme or plan of any ring of the body. I 
can give names to all the parts of that figure, and then 
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if I take any segment of the body of tlie lobster, I can 
[)oint out to you exactly, what modification the general 
[tlan liii3 undergone in that particular segment; what— 
part has remained moveable, and what baa become fijce^ 
to anothrr; what has boon excessively developed i 
mctamoii h i.scd, and what has been suppressed. 

But I imagine I hear the question. How is all this to 
be tested ? No doubt it is a pretty and ingenious way 
tif looking at the structure of any animal, but is it anyr, 
thing more ? Does Nature acknowledge, in any deep 
way, this unity of plan we seem to trace ? 

Tlie objection suggested by these questions is a verj 
valid and important one, and morphology was in an 
unsound state, so long as it rested upon the mere percep- 
tion of the analogies which obtain between fully formed 
parts. The unchecked ingenuity of speculative anato- 
mists proved itself fully competent to spin any number 
of contradictory hypotheses out of the same facts, and 
endless morphological di'eams threatened to supplant 
scientific theory. 

Happily, however, there is a criterion of morpho- 
logical truth, and a sure test of all homologies. Our 
lobstei- has not always been what we see it; it was once 
:in egg, a semifluid mass of yolk, not so big as a pin's 
head, contained in a transparent membrane, and exhi- 
Mting not the least trace of any one of those organs, 
whose multiplicity and complexity, in the adult, are so 
surprising. After a time a delicate patch of cellular 
membrane appeared upon one face of this yolk, and that 
patch was tije foundation of the whole creature, the clay 
out of which it would be moulded. Gradually investing 
the yolk, it became subdivided by transverse constric- 
tions into segments, the forerunners of the rings of the 
body. Upon the ventral surface of each of the rings 
thus sketched out, a pair of bud-like prominences made 
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their appearance — the nuliments of the appendages of 
the ling. At first, all the appendages were alike, but, an 
they grew, most of tbem became diatiuguished into a 
stem and two terminal divisions, to which, in the middle 
part of the body, was added a third enter division ; and 
it was only at a later period, that by the modification, or 
;iiisorption, of certain of these primitive constituents, the 
limbs acquired their perfect form. 

Thus the study of development proves that the doe- 
trine of unity of plan is not merely a fancy, that it is 
not merely one way of looking at the matter, but that it 
is the espreFsinn of deep-seated natural facts. The. legs 
and jaws of the lobster may not merely be regarded aa 
modifications of a common type, — in fact and in nature: 
they are so, — the leg and the jaw of the young animal 
being, at firat, indistinguishable. 

These are wonderful truths, the more so because th* 

zoologist finds them to be of universal application. The 

investigation of a polype, of a snail, of a fish, of a horse, 

or of a man, would have led us, though by a less easy 

path, perhaps, to exactly the same point. Unity of plan 

everywhere lies hidden under the mask of diversity of 

structure — the complex is everywhere evolved out of the 

i»aimple. Every animal has at first the form of an egg, 

^Emd every animal and every organic part, iu reaching its 

^■adult state, passes through conditions common to other 

animals and other adult parts ; and this leads me to 

another point. I have hitherto spoken as if the lobster 

were alone in the world, but, as I need hardly remind 

^Hvou, there arc myriads of other animal organisms. Of 

^fpicsc, some, such as men, horses, birds, fishes, snails, 

^BRtigs, oysters, corals, and sponges, are not in the least 

^^ike the lobster. But other animals, thorg'i they may 

diifer a good deal from the lobster, are yet either veiy 

like it, or are like something that is like it Tha cs'i'i 
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H fish, the rock lobstf r, and the prawn, and the shrimp, for 
■ example, however different, are yet so like lobsters, tliat 
H a child wouKl group them as of the lobstor kind, in con- 
^P tradistinction to snails and slugs; and these last again 
^B would form a kiad by themselves, in conti-adistinction to 
^ft cows, horses, and sheep, the cattle kind. 
H But this spontaneous grouping into "kinds" is the 
^P fii'st essay of the human miud at classification, or the 
^ calling by a common name of those things that are 
alike, and the arranging them in such a manner as best 
to suggest the sum of their likenesses and unlikenesses 

»to other things. 
Those kinds which include no other subdivisions than 
the sexes, or various breeds, are called, in technical 
la:iguage, species. ITie English lobster is a species, 
our cray fish is another, ova prawn is another. In other 
countries, however, there are lobsters, cniy fish, and 

» prawns, very like ours, and yet presenting sufficient 
riificTcnces to deserve distinction. Naturalists, therefore, 
express this resemblance and this diversity by grouping 
■ them as distinct species of the same " genus." But the 
lobster and tlie cray-fish, though belonging to distinct 
genera, have many features in common, and hence are 
grouped together in an assemblage which is called a 
ianiily. More distant resemblances connect the lobster 
with the prawn and the erab, which arc expressed by 

» putting all these into the Bame order. Agaui, more 
remote, but still very dcifinite, resemblnaces unite the 
lobster with tJie woodlouse, the king crab, the water- 
flea, and the barnacle, and separate them fi-om all other 
auiniiile ; whence they collectively constitute the larger 
giiiup, or class, Crustacea. But the Crustacea exhibit 
many peculiar features in common with insects, spiders, 
and centipedes, so that these are grouped into the still 
liU'gur assembluge or " province " Arlicuhxta ; and, finally, 
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the relations which ttesc have to worma aud other lower 
animals, are expressed by comhining the whole vast 
aggregate into the sul>-kingdoni of AnnuloscL 

If I had worked my way from a sponge instead of a ] 
lobster, I should have found it associated, by like ties, 
with a great number of other animals into the eub- i 
kingdom Protozoa', if I had selected a fresh-water 
polype or a coral, the members of what naturalists I 
term the sub-kingdom Calenterata would hiive grouped 
themselves around my type ; had a snail been chosen, 
the inhabitants of all univalve and bivalve, land and 
water, sheila, the" lamp shells the sq^uids, and the sea- 
mat would have gradually linked themselves on to it as 1 
members of tho same sub-kingdom of Mollusca; and ' 
finally, starting ii'om man, 1 should have been compelled 
to admit first, the ape, tho rat, the horse, the dog, into 
the same class ; and then the bird, the crocodde, the 
turtle, the frog, and the fish, into the same aub-kingdom 
of Vertcbrata. j 

And if I had followed out all these various lines of 1 
classification fully, I should discover in the end that 
there was no animal, either recent or fossil, which did 
not at once fall into one or other of these sub-kingdoma. 
In other words, every animal is organized upon one or 
other of the five, or more, plans, whose exLstcuce renders 
our classification possible. And so definitely aud pre- 
cisely marked is the structure of each animal, that, in 
the present state of our knowledge, there is not the least 
evidence to prove that a form, in the slightest degree 
transitional between any of the two gi-oups Vertehrata, 
Annulosa, Mollusca, and Caslentcrata, either exists, or 
has existed, during that period of the earth's history 
which is recorded by the geologist Nevertheless, you 
must not for a moment suppose, because no such ] 
transitional forma are known, that the membeca cC j 
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the 6iib-Iiing(lom3 are disconnected from, or indepen- 
dent of, one iinother. On the contraiy, in their earliest 
condition tbey are all alike, and the primordial germs 
of a man, a dog, a bird, a fish, a beetle, a snail, and 
a polype are, in no essential structural respects, dis- 
tinguishable. 

In this broad sense, it may with truth be said, that 
all living animals, and all those dead creations which 
geologj- reveals, are bound together by an all-pervading 
unity of organization, of the same character, though not 
equal in degree, to that which enables us to disccm one 
and the same plan amidst the twenty difl'erent segments 
of a lobster's body. Truly it has been said, that to a 
clear eye the smallest fact is a window through which 
the Infinite may be seen. 

Turning from these purely morphological considera- 
tions, let us now examine into the manner in which the 
attentive study of the lobster impels us into other lines 
of research. 

Lobsters are found in all the European seas ; but on 
the opposite shores of the Atlantic and in the seas of 
the southern hemisphere they do not exist. They are, 
however, represented in these regions by very closely 
allied, but distinct forms — the Ilomarsu Americanua 
and the ITomarus Cajjciisis: so that we may say that 
the European has one species of Ilomarsu; the 
American, another ; the African, another ; and thus 
the remarkable facts of geographical distribution begin 
to dawn upon us. 

Again, if we examine the contents of the earth's crust, 
we shall find in the latter of those deposits, which have 
served as the great burj-ing grounds of past ages, num- 
berless lobster-like animals, but none eo similar to our 
living lobster as to make zoologists sure that they be- 
longed even to the eiune genua. If we go still further 
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back in time, ttc discover, in the oldest rocts of all, the 
remains of anim.-ils, constructed on llie same general 
plan as the lobster, and belonging to the same great 
frroup of Crustacea ; but for the most part toUilly 
different from the lobster, and indeed from any other 
living form of crustacean ; and thus we gain a notion of 
that Buecessive change of the animal population of the 
globe, in past ages, which is the most striking fact 
ivejjed by geology. 

Consider, now, where our inquiries have led us. We 

.died our type morphologically, when we determined 
anatomy and its development, and when comparing 
it, in these respects, with other animals, we made out its 
place in a system of classification. If we were to 
examine every animal in a similar manner, we should 
estabhsh a complete body of zoological morphology. 

Again, we investigated the dislTibution of our type in 
ipaee and in time, and, if the like had been done with 

■ery animal, the sciences of geographical and geological 
listributiou would have attained their limit. 

But yon will observe one remarkable circumstance, 
that, up to this point, the question of the life of these 
organisms has not come under consideration. Jlorpho- 
logy and distribution might be studied almost as well, if 
animals and plants were a pecuhai kind of crystals, and 
possessed none of those functions which distinguish living 
beings so remarkably. But the facts of morphology ami 
distribution have to be accounted for, and the science, 
whose aim it is to account for them, is Physiology, 

Let us return to our lobster once mora If we watched 

ic creature in its native clement, we should see it climb- 

iing actively the submerged rocks, among which it dehglits 

live, by means of its stroug legs ; or swimming by 

iwerful strokes of its great tail, the appL-iulages of 

osft sixth joint are spread out into a broad fiui-like 
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propeller : seize it, a.!i>.l it will show you that its great 
claw3 are no mean weapons of oflfence ; suspend a piece 
of carrion among its hamita, and it will grecdUy devour 
it, tearing and crushing tlie flesh by meaus of its multi- 
tudinoua jaws. 

Suppose that we had known nothing of the lobster 
but aa an inert mass, an organic cryataJ, if I may use the 
phrase, and that we could suddenly see it exerting all 
these powers, what wonderful new ideas and new quea- 
tions would arise in our minds 1 The great new question 
would be, " How does aE this talie place ? " the chief new 
idea would be, the idea of adaptation to purpose, — the 
notion, that the constituents of animal bodies are not 
mere unconnected parts, but organs working together to 
an end. Let us consider the tail of the lobster again 
from this point of view. Morphology has taught us 
that it is a series of segments composed of homologous 
parts, which undergo various modifications — beneath 
and through which a common plan of formation is dis- 
cernible. J^ut if I look at the same part physiologically, 
I see that it is a most beautifully constructed organ ol 
locomotion, by means of which the animal can swiftly 
propel itself either backwards or forwards. 

But how is this remarkable propulsive machine made 
to perform its functions ? If 1 were suddenly to kill one 
of these animals and to take out all the soft parts, I 
should find the shell to be perfectly inert, to have no 
more power of moving itself than is possessed by the 
tnachiiicry of a miU, when disconnected from its steam- 
engme or water-wheeL But if 1 were to open it, and 
take out the viscera only, leaving the white flesh, I 
Bliduld perceive that the lobster could bend and extend 
its tail as well as before. If I were to cut ofl' the tail, I 
should ceaaeto find any spontaneous motion in it; but 
on pinching any portion of the flesh, I should observe 
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lliat it underwent a very curious change — cacli fibre be- 
foming uliorter and thicker. By this act of contraction, 
as it ia termed, the parts to which the ends of the fibre 
are attached are, of course, approximated ; and aceord- 
inf^ to the relations of their points of attachment to the 
centres of motion of the difl'erent rings, the bending or 
the extension of the tail results. Close observation of 
tile newly-opened lobster would soon show that all its 
movements are due to the same cause — the shortening 
and thickening of these fleshy fibres, which are techni- 
cally called muscles. 

Hei-e, then, ia a capital fact. The movements of the 
lobster ai-e due to muscular contractility. But why does 
a muscle contract at one time and not at another 'i Why 
does one whole group of muscles contract when the 
lobster wishes to extcud his tail, and another group ^| 
when he desires to bend it? AVhat is it originat«8, ^B 
directs, and controls the motive power ? ^1 

Experiment, the great instrument for the ascertain 
ment of truth in physical science, answers this question 
for us. In the head of the lobster there lies a small 
mass of that peculiar tissue which is known as nervous 
substance. Cords of similar matter connect this brain 
of the lobster, directly or indirectly, with the muscles. 
Now, if these comraunicating cords are cut, the brain 
remaining entire, the power of eserting what we call 
voluntary motion in the parts below the section is de- 
stroyed ; and on the other hand, if, the cords remaining 
entire, the brain mass be destroyed, the same voluntary 
mobility is equally lost, Whence the inevitable conclu- 
sion is, that tlie power of originating these motions resides 
in the brain, and is propagated along the nervous cords. 

In the higher animals the phenomena which attend 

this transmission have been investigated, and the exer-- 
t-ioc of the peculiar energy wliich lesidns in the nerve 
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ha3 bc'.ii found to be accompaoied by a disturbance of 
tbc electrical state of their nioleculea. 

If we could exactly estimate tbe signification of this 
disturbance ; if we could obtain the value of a given 
exertion of nerve force by determining the quantity of 
electricity, or of heat, of which it is the equiv^ent ; if 
we could asscertain upon what arrangement, or otter 
condition of the molecules of matter, the manifestation of 
the nervous and muscular ouergiijs depends, (and doubt- 
less science will some day or other ascertain these points,) 
phyBiologista would have attained their ultimate goal in 
this direction ; they would have determined the relation 
of the motive force of animals to the other forms of fr-rce 
found in nature ; and if the same process had been suc- 
cessfully performed for all the operations which are 
cairied ou in, and by, the animal frame, physiology 
would bf- perfect, and the facts of morphology and 
distribution would be deducible from the laws ■which 
physiologists had established, combined with those deter- 
mining the condition of the surrounding universe. 

There is not a fragment of the organism of thishiimble 
r'ulmal, whoso study would not lead us into regions of 
thought as large as tho?e which I have briefly opened 
up to you ; but what I have been saying, I trust, has not 
only enabled you to form a conception of the scope and 
purport of zoology, but has given you an imperfect 
example of the manner in which, in my opinion that 
Bcience, or indeed any physical science, may be' best 
taught. The great matter is, to make teaching real and 
practical, by fixing the attention of the student on par- 
ticular facts ; but at the same time it should be rendered 
broad and comprehensive, by constant reference to the 
generalizations of ■which all particular facts are illustra- 
'lons. Tlie lobster has served as a type of the whole 
nioiKl liingdon, and its anatomy and physiology have 
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illustrated for lis some of the greatest tratlis of biology. 
The student wlio has once seen for himself the facta 
which I have described, has had theii- relations ex- 
plained to him, and has clearly comprehended them, 
has, so far, a knowledge of zoology, which is real and 
genuine, however limited it may be, and which is worth 
more than all the mere reading knowledge of the science 
he could ever acquire. His zoological information is, so 
far, knowledge and not mere hearsay. 

And if it were my business to fit you for the certi- 
ficate in zoological science granted by this department, 
I should pursue a course precisely eimilar^n principle 
to that which I have taken to-night. I should select a 
fresh-water sponge, a fresh-water jiolype or a Cyanwe, 
a fi^sh-water mussel, a lobster, a fowl, as types of the 
five piimary divisions of the animal kingdom. I should 
explain their structure very fully, and show how each 
illustrated the great pnnciples of zoology. Havin" 
gone very carefully and fully over this ground, I should 
feel that you had a safe foundation, and I should then 
take you in the same way, but less minutely, over 
eituilarly selected illustrative types of the classes; and 
then I should direct your attention to the special forma 
enumerated under the head of types, in this syllabus, 
and to the other facts there mentioned 

That would, speaking generally, be my jilan. But 
I have undertaken to esplain to you the best mode of 
acquiring and communicating a knowledge of zoology, 
and you may therefore fairly ask me for a more de- 
tailed and precise account of the manner in which 1 
should propose to iumish you with the information I 
/efer to. 

My own impression is, that the best model for all 
kinds of training in physical science is that aftbrded 
by the method of teaching anatomy, in use in the 
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medical eelioola. This method consists of thrco elements 
- — lectures, demonstratioua, and csamiuations. 

The object of lectures is, in the first place, to awaken 
the attention and excite the enthusiasm of the student ; 
and this, I am sure, may be eflFected to a far greater 
extent by the oral discourse and by the personal inBuence 
of a respected teacher than in any other way. Secondly, 
■lectures have the double use of guiding the atadent 
to the salient points of a subject, and at the same 
time forcing him to attend to the whole of it, and not 
merely to that part which takes his fancy. And lastly, 
lectures afiSrd the student the opportunity of seeking 
explanations of those difficulties which will, and indeed 
ought to, arise iu the course of his studies. 

But for a student to derive the utmost possible value 
from lectures, several precautions are needful. 

I have a strong impression that the better a discoui-se 
is, as an oration, the worse it is as a lecture. The flow 
of the discourse carries you on without proper atten- 
tion to its sense ; you drop a word or a phrase, you 
lose the exa'"t meaning for a moment, and while you 
strive to recover yourself, the speaker has passed on 
to something else. 

The practice I have adopted of late years, in lecturing 
to students, is to condense the substance of the hour's 
discourao into a few dry propositions, which are read 
slowly 'and taken down from dictation; the reading of 
each being followed by a free commentary, expanding 
and illustrating the proposition, explaining terms, and 
removing any difficulties that may be att-ackable iu 
that way, by diagrams made roughly, and seen to 
grow under the lecturer's hand. In this manner you, 
at any rate, insure the co-operation of the student to 
ft certain extent. He cannot leave the lecture-room 
"etilirily empty if the taking of notes is enforced ; and 
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^B a student must be preterDaturally dull and meclianical, 
^K if he can takes notes and hear them properly explained, 
^^ and yet learn nothing, 

Wliat books shall I read? is a question constantly 
put by the student to the teacher. My reply usually is, 
'* None : write your notes out carefully and fully ; strive 
to understand them thoroughly ; come to me for the 
explanation of anything you cannot understand ; and 
I would rather you did not distract your mind by 
reading." A properly composed course of lectures 
ought to contain fully as much matter as a student 
can assimilate in the time occupied by ita delivery ; and 
tho teacher should always recollect that his business is 
to feed, and not to ci-ara the intellect. Indeed, 1 believe 
that a student who gains from a course of lectures 
the simple habit of concentrating his attention upon 
a definitely limited serieis of facts, until they are 
thoroughly mastered, has made a step of immeasurable 
imporbince. 

But, however good lectures may be, and however 
extensive the course of reading by which they are 
followed up, they are but accessories to the great in- 
strument of scientific teaching — demonstration. If I 
^—insist unweariedly, nay fanatically, upon the irapoi-tanco 
^hltf physical science as an educational agent, it is because 
^H&c study of any branch of science, if properly conducted, 
^•appears to me to fill up a void left by all other means 
of education. I have the greatest respect and love for 
literature ; nothing would grieve me more than to see 
literary training other than a very prominent br;mch of 
education : indeed, I w'ish. that real literary discipline 
were far more attended to than it is ; but I cannot 
shut my eyes to the fact, that there is a vast difference 
between men wlio have had a purely literary, and thofle, 
who have had a sound scientific, training. 
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Seeking for the cause of this difference, I imagine I 
I can tind it in the f:ict, that, in the world of letters, 
[ leai'ning and knowkJgc are one, and books are the 
I Bource of both ; whereas in science, as in life, learning 
and knowledge are distinct, and the study of things, 
[ and not of books, ia the source of the latter. 

All that literature has to bestow may be obtained 
' by reading and by practical exercise in writing and 
I in speaking ; but I do not exaggerate when I say, that 
I none of the best gifts of science are to be won by these 
I means. On the conti-ary, the great benefit which a 
scientific ctlucation bestows, whether as training or as 
knowledge, is dependent upon the extent to which the 
mind of the student is brouglit into immediate contact 
with facts — upon the degrtie to which he learns the 
habit of appealing directly to Nature, and of acquiiing 
through his senses concrete images of those properties 
of things, which are, and always will be, but approxi- 
mativcly expressed in human language. Our way of 
lookhig at Nature, and of speaking about her, varies 
from year to year ; but a fact once seen, a relation of 
cause and efiect, once demonstratively apprehended, are 
possessions which neither change nor pass away, but, 
on the contrary, form fixed centres, about which other 
truths aggregate by natural afiiulty. 

Therefore, the great business of the scientific teacher 

>is, to imprint the fundamental, irrefragable facts of liis 
science, not only by words upon the mind, but by 
fiensiblo impressions upon the eye, and ear, and touch 
of the student, in so complete a manner, that every 
term used, or law enunciated, should afterwards call 
up vivid images of the paitieular structural, or other, 
^^ facts which furnished the demonstration of the law, i 
^L.tbe illustration of the term. 
^B Now this important operation can only be achieve! 
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V^liy coDSiant demonstration, wtieh may take place to 
™ia certain imperfect extent during a kcture, but wliieL 
OTiglit also to be carried on independently, and 'whieli 
Bhould be addressed to each individual student, the 
teacher endeavouring, not so much to show a thing to 
the learner, as to make him see it for himself. 

I am well aware that there are great practical difficul- 
ties in the way of etFectual zoological demonstrations. 
The dissection of animals is not altogether pleasant, 
and requires much time ; nor is it easy to secure an 
adequate supply of the needful specimens. The botanist 

thas here a great advantage ; his specimens are easily 
obtained, are clean and wholesome, and can be dissected 
^ a private house as well as anywhere else ; and 
hence, I beUeve, the fact, that botany is bo much 
faore readily and better taught than its sister science. 
But, be it difficult or be. it easy, if zoological science 
fe to be properly studied, demonstration, and, con- 
sequently, dissection, must be had. Without it, no 
man can have a really sound knowledge of animal 
HATganizatiou. 

^^ A good deal may be done, however, without actual 
Tssection on the student's pait, by demonstration upon 
_)eeimens and preparations ; and in all probability it 
trould not be very difficult, were the demand sufficient, 
\o organize eoUections of such objects, sufficient for all 
the purposes of elementary teaching, at a comparatively 
cheap rate. Even without these, much might be effected, 
if the zoological collections, which are open to the 
public, were arranged according to what has been 
termed the "typical principle ;" that is to say, if the 
specimens exposed to public view were so selected, that 
the public could learn something from them, instead 
of being, as at present^ merely confused by their mul- 
tiplicity. For example, the grand ornithological gjiUar^ 
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at the British Museum contains between two and three 
thousand siu'cioa of birds, and sometimes five or six 
specimens of a species. They arc Tery pretty to look 
at, and some of the cases are, indeed, splendid ; but 
I will undertake to say, that no man but a professed 
ornithologist has ever gathered much information from 
the collection. Certainly, no one of the tens of thousands 
of the general public who have walked through that 
gallery ever knew more about the essential peculiarities 
of birds when he left the gallery, than when he entered 
it But if, somewhere in that vast hall, there were a 
few preparations, exemplifying the leading structural 
peculiarities and the mode of development of a common 
fowl ; if the types of the genera, the leading modifi- 
cations in the skeleton, in the plumage at various ages, 
in the mode of nidification, and the like, among birds, 
were displayed; and if the other specimens were put 
away in a place where the men of science, to whom 
they are alone useful, could have free access to them, 
I can conceive that this collection might become a 
great instrument of scientific education. 

The last implement of the teacher to which I have 
adverted is examination — a means of education now so 
thoroughly understood that 1 need hardly enlarge upon 
it. I hold that both written and oral cxamiuationa 
are indispensal>le, and, by requii'ing the description 
of specimens, they may be made to supplement 
demonstration. 

Such is the fullest reply the time at my disposal 
will allow mo to give to the question—how may a know- 
ledge of zoology be best aeq^uired and communicated ' 

But there is a previous question which may be move( , 
and which, in fact, I know many are inclLued to mova 
It is the question, wjiy should training masters be 
encouraged to acquire a knowledge of this, or any other 
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branch of physical science? WLat is the use, it is said, 
of attempting to make physical science a branch of 
primary education? Is it not probable that teachers, 
in pursuing such studies, will be led astray from the 
acquirement of more important but less attractive 
knowledge ? And, even if they can learn something 
of science without prejudice to their uaefulness, what 
ia the good of their attempting to instil that knowledge 
into boys whose real business is the acquisition of 
reading, writing, and arithmetic ? 

These questions are, and will be, very commonly 
,4»sked, for they arise from that profound ignorance of 
"le value and true position of physical science, which 
festa the minds of the most highly educated and 
'^telligent classes of the community. But if I did not 
feel well assured that they are capable of being casUy 
and satisfactorily answered ; that they have been an- 
swered over and over again ; and that the time will 
come when men of liberal education will blush to raise 
such questions,— I should be ashamed of my position 
here to-night. Without doubt, it is your great and very 
important function to carry out elementary education ; 
without question, anything that should interfere with 
,the faithful fulfilment of that duty on your part would 
a great evil ; and if I thought that your acquirement 
the elements of physical science, and your communi- 
,tion of those elements to your pupils, involved any 
sort of interference with your proper duties, I shoiild 
be the first person to protest against your being en- 
luragcd to do anything of the kind. 
But ia it true that the acquisition of such a know- 
"ge of science as is proposed, and the communication 
that knowledge, are calculated to wciiken your use- 
ness ? Or may I not rather ask, ia it possible for you 
discharge your functions properly without these aids 1 
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What is tlie purpose of primary intellectual educa- 
tion % I apprehend that its first object is to train the 
young in the (xse of those tools wherewith men extract 
icnowledge from the ever-shifting succession of phteno- 
mena which pass before their eyes ; and that its second 
object is to inform them of the fundamental laws which 
have been found by experience to govern the course of 
thin,g3, so that they may not be turned out uito the 
world naked, defenceless, and a prey to the events they 
might control. 

A boy is taught to read his own and other languages, 
in order that he may have access to infinitely wider 
stores of knowledge than could ever be opened to him 
by oral intercourse with hia fellow men ; he learns to 
write, that hi^ means of communication with the rest of 
mankind may be indefinitely enlarged, and that he may 
record and store up the knowledge he acquires. He 
is taught elementary mathematics, that he may under- 
stand all those relations of number and form, upon 
which the transactions of men, associated in complicated 
Bocietiea, are built, and that he may have some practice 
in deductive reasoning. 

All these operations of reading, writing, and ciphe] 
are intellectual tools, whose use should, before all things, 
bo learned, and learned thoroughly ; so that the youth 
may be enabled to make his life that which it ought to 
be, a continual progress in learning and in wisdom. 

But, in addition, primary education endeavours to fit 
a boy. out with a certain equipment of positive know- 
ledge. He is taught the great laws of morality ; the 
religion of his sect ; so much history and geogi'aphy as 
will tell him where the great countries of the world 
, what they are, and how they have become what 
■ they art. 

AVithout doubt all these are most fitting and 



Lctice -^ 
linsB, " 



Vvi.] ON TUB STULiT OF ZOOLOGY. 117^| 

cellent things to teach a boy ; I should be very scirry 
to omit any of them from any scheme of primary in- 
tellectual education. The system is cxccUent, so far as 
it goes. 

But if I regard it closely, a curious reflection arises. 
1 suppose that, fifteen hundred years ago, the child of 
any well-to-do Eoman citizen was taught just these 
8ame things ; reading and writing in his own, and, per- 
haps, the Greek tongue ; the elements of mathematics ; 
and the religion, morality, history, and geography cur- 
rent in his time. Furthermore, I do not think I err 
in affirming, that, if such a Christian Homan boy, who 
had finished his education, could be transplanted into 
one of our public schools, and pass through its course of 
instruction, he would not meet with a single unfamiliar 
line of thought ; amidst all the new facts he would 
have to learn, not one would suggest a different mode 
of regarding the universe from that current in bis 
own time. 

And yet surely there is some great difference between 
the civilization of the fourth century and that of the 
nineteenth, and still more between the intellectual habits 
and tone of thought of that day and this ? 

And what has made this difference? I answer fear- 
lessly, — The prodigious development of physical science ^| 
\vithin the last two centuries. ^H 

Modem civilization rests upon physical scicnf-e; take ^1 
away her gifts to our own country, and our position 
among the leading nations of the world is gone to- 
morrow ; for it is physical science only, that makes 

intelligence and moral energy stronger than brute force. , 

The whole of modern thought is steeped in science ; it i 
has made its way into the works of our best poets, and f 
i^ven the mere man of letters, who affects to ignore and 
aspise science, is unconsciously impregnated with hei 
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spirit, and indebted for his bfist products to her methods. 
I believe that the greatest intellectual revolution man- 
kind has yet seen is now slowly taking place by her 
agency. She is teaching the world that the ultimate 
court of appeal is observation and experiment, and not 
authority ; she is teaching it to estimate the value of 
evidence ; she is creating a firm and living faith in the 
existence of immutable moral and physical laws, perfect 
obedience to which is the highest possible aim of an 
intelligent being. 

But of all this your old stereotyped system of educa- 
tion takes no note. Physical science, its methods, its 
problems, and its difficulties, will meet the poorest boy 
at every turn, and yet we educate him in such a manner 
that he shall enter the world as ignorant of the existence 
of the methods and facts of science as the day he was 
born. The modern world is full of artillery ; and we 
turn out our children to do battle in it, equipped with 
the shield and sword of an ancient gladiator. 

Posterity will cry shame on us ii" we do not remedy 
this deplorable state of things. Nay, if we live twenty 
years longer, our own consciences will cry shame on us. 

It is my firm conviction that the only way to remedy 
it is, to make the elements of physical science an integral 
part of primary education. I have endeavoured to show 
you how that may be done for that branch of science 
which it is my business to pursue ; and I can but add, 
that I should look upon the day when every school- 
master throughout this land was a centre of genuine, 
however rudimentary, scientific kno-.vledge, as an epoch 
in the history of the countiy. 

But let mc entreat you to remember my last words. 

Addressing myself to you, as teachers, 1 would say, mere 

book learning in physical science ia a sham and a 

, delusion — what you teach, unless you wish to be impos- 
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tora, that you must first know; and real knowledge in 
science means personal acquaintance with the facta, he 

(they few or many.* 
f 1 It hru bcpn anggested to me that tbexe wnnla xaiiy be taken to imply 
]> discouragement on my part of anj Hort of scientific iustruction which 
does not give an acquaintance nitb the facts at first hand. But thjs ih 
not my meaning. The ideal of scientifio teaching is. do doubt, a syBtem 
by ivbjch the scholar eeea every fact foi' himself, and the teacher supplier 
only the eiplanationa. Circumatancea, however, do not often allow of ti.e 
attainment of that ideal, and we miiat put up with the next best system — 
one in which the scholar takes a good deal on trust from m teacher, who, 
knowing the facts hj his own knowledge, can describe them with so much 
vividness as to enable his audience to form competent ideas concerning 
them. The sjstem which 1 repudiate is that which allows teachers who 
have not come into direct contact with the leading facts of asctence to pass 
their second-hand information on. The scientific viru3,1ike vaccine lymph, 
if passed through too long a Guocesaion of organisms, will loss all its effect 
in protecting the young against the inteUectnalepideniica to which they ai 
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In order to make tte title of this diacourse genert 
iotelligible, I have translated the teim "Protoplasm, 
which ia the scientific name of the substance of which I 
am about to speak, by the words "the physical baaia of 
life." I suppose that, to many, the idea that there is 
such a thing as a physical basis, or matter, of life may 
l)c novel — 60 widely spread is the conception of life as a 
something which works through matter, but is independent 
of it ; and even those who are aware that matter and 
life are iuscparably connected, may not be prepared for 
the conclusion plainly suggested by the phrase, "the 
physical basis or matter of life," that there is some one 
kind of matter which is common to all living beings, 
and that their endless diversities are bound together by 
a physical, as well a3 an ideal, unity. In fact, when " 



1 Tlje s<ib»liinoe of this paper waa QOntained ia a discnurse nhioh. was 
delivered in Ediobui'gh on the eveuing of Sunday, the 8th of November, 
1808 — being the tii'st of a series of Sunday eveciiig addresses upon hod- 
tboological to|.'ic9, instituted by the Itev. J. Crunbroolc Some phrases, which 
could poHaesa only a transitory and local interest, have boeii omitted ; 
instead of the newspaper report of the Archbishop of York's address, his 
Grace's subsequently-publislied pamphlet "On the Limits of Philosophical 
Inquiry" is quoted; and I have, here and tliero, endeavoured to eipreas my 
nieamng mure fully and clearly than I seera to have done in speaking— if 1 
may judge by sundry criticisms upon what I am supposed to have said, wbicb 
. have appeared. But in substance, and, so far as my recollection s 
I foTia, wnat is here written corresponds with what was there said. 
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apprehended, such a doctrine as this appeara jJmost 
shocking to common sense. 

What, truly, can seem to be more obviously different 
from one another, in faculty, in form, and in eubstancej 
tbanthevaiioua kinds of living beings? "What community 
of faculty can there be between the brightly-coloured 
lichen, which so nearly resembles a mere mineral in- 
crustation of the bare rock on which it grows, and the 
painter, to whom it is instinct with beauty, or the 
botanist, whom it feeds with knowledge ? 

Again, think of the microscopic fungus— -a mere infi- 
nitesinial ovoid particle, which finds space and duration 
enough to multiply into countless millions in the body 
of a living fly ; and then of the wealth of foliage, the 
luxuriance of flower and fruit, which hes between this 
bald sketch of a plant and the giant pine of California, 
towering to the dimensions of a cathedral spire, or the 
Indian fig, which eovei-s acres with its profound shadow, 
and endures while nations and empires come and go 
around its vast circumference. Or, turning to the other 
half of the world of life, picture to yourselves the great 
Finncr whale, hugest of beasts that live, or have lived, 
disporting his eighty or ninety feet of bone, muscle, and 
blubber, with easy roll, among waves in which the 

:outest skip that ever left dockyard would founder 
■hopelessly ; and contrast him with the invisible animal- 
cules — mere gelatinous specks, multitudes of which could, 
in fact, dance upon the point of a needle with the same 
ease as the angels of the fechoolracn could, in imagination. 
With these images before your minds, you may well ask, 
what community of form, or structure, is there between 
the animalcule and the wLale ; or between the fungus and 
the fig-tree? And, & fortiori, between all four? 

Finally, if we regai'd substance, or nuiterial composi- 

ion, what hidden bond can connect the flower which a 



1 



i 



122 Ur SESMONS, ADDRESSES, jyD REFlEiFS. [\ 

girl wears in her hair and the blood which courses 
tbrough her youthful veins ; or, what is there in common 
between the dense and resisting mass of the oak, or the 
strong fabric of the tortoise, and those broad disks of 
gLissy jelly which may be seen pulsating through the 
waters of a calm sea, but which drain away to mere films 
in the hand which raises them out of their element? 

Such objections as these must, I think, arise in 1 
mind of every one who ponders, for the fi^rst time, upoi^^ 
the conception of a single physical basis of life under- 
lying all the diversities of vital existence ; but I propose 
to demonstrate to you that, notwithstanding these 
apparent difficulties, a threefold unity — namely, a unity 
of power or faculty, a unity of form, and a unity of 
substantial composition— does pervade the whole livinfj 
world. 

No very abstruse argumentation is needed, in the 1 
place, to prove that the powers, or faculties, of all 1 ' 
of living matter, diverse as they inay be in degree, 
substantially similar in kind. 

Goethe has condensed a survey of all the powers ) 
mankind into the well-known epigram : — 

Wanim treibt aiuh daa Volk bo utkI Bchreit "i Ea will sicli e: 
Kinder zeugen, und die niihiea ao gut es vermag. 
« • • ♦ * 

'Weitor bringt es kein Menscli, Btell' er sich wie er auch wH 

In physiological language this means, that all tlie 
multifarious and complicated activities of man are 
comprehensible under three categories. Either they are 
immediately directed towards the maintenance and deve- 
lopment of the body, or they effect transitory changes 
in the relative positions of parts of the body, or they tend 
towards the continuance of the species. Even those mani- 
festations of intellect, of feeling, and of will, which wa 
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rightly name the higher faculties, are not excluded from 
this classificatioQ, inasmuch as to every one hut the subject 
of them, they are known only as transitory changes in 
the relative positions of parts of the hody. Speech, 
gesture, and every other form of human action are, in 
the long run, resolvable into muscular contraction, and 
muscular contraction is but a transitory change in the 
relative positions of the parts of a muscle. But the 
scheme which is large enough to embrace the activities 
of the highest form of life, covers all those of the lower 
creatures. The lowest plant, or animalcule, feeds, grows, 
and reproduces its kind. In addition, all animals manifest 
those transitory changes of form which we class under 
irritability and contractility ; and, it is more than 
probable, that when the vegetable world is thoroughly 
explored, we shall find all plants in possession of the 
same powers, at one time or other of their existence. 
I am not now alluding to such phenomena, at once 
rare and conspicuous, as thoso exhibited by the leaflets 
of the sensitive plant, or the stamens of the barberry, 
but to much more widely-spread, and, at the same time, 

»more subtle and hidden, manifestations of vegetable 
contractility. You are doubtless aware that the common 
nettle owes its stinging property to the innumerable stiff 
and needle-like, though exquisitely delicate, hairs which 
cover its surface. Each stinging-needle tapers from a 
broad base to a slender summit, which, though rounded 
at the end, is of such microscopic fineness that it readily 
penetrates, and breaks off in, the skin. The whole hair 
consists of a very delicate outer case of wood, closely 
applied to the inner surface of which is a layer of semi- 
fluid matter, full of innumerable granules of extreme 
minuteness. This serai-fluid lining is protoplasm, which 
thus constitutes a kind of bag, full of a limpid liquid, 
and roughly corresponding in form with the interior of 
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the hair whicli it fills. "When viewed ■with a sufficiently 
liigh Tnagoifying power, the protoplasraic layer of the 
nettle hair is seen to be in a condition of unceasing 
activity. Local contractions of the whole thickness of 
its substance pass slowly and gradually fi-om point to 
point, and give riso to the appearance of progressive 
waves, just aa the bending of successive stalks of com br 
a breeze produces the apparent billows of a com-field. 

But, in addition to these movements, and independently 
of them, the granules are driven, in relatively rapid 
streams, thi'ough channels in the protoplasm which seem 
to have a considerable amount of persistence. Most 
commonly, the currents in adjacent parts of the proto- 
plasm take similar directions ; and, thus, there is a 
general stream up one side of the hair and down the 
other. But this does not prevent the existence of partial 
currents which take different routes ; and, sometimes, 
trains of granules may be seen coursing swiftly in 
opposite directions, within a twenty-thousandth of an 
inch of one another ; while, occasionally, opposite streams 
come into direct collision, and, after a longer or shorter 
struggle, one predominates. The cause of these currents 
seems to lie in contractions of the protoplasm which 
bounds the channels in which they flow, but which are 
so minute that the best microscopes show only their 
effects, and not themselves. 

The spectacle afforded by the wonderful energies 
prisoned within the compass of the microscopic hair 
of a plant, which we commonly regard as a merely 
passive organism, is not easily forgotten by one who has 
watched its display, continued hour after hour, without 
pause or sign of weakening. The possible complexity 
of many otlier cganic forms, seemingly as simple as 
the protoplasm of the nettle, dawns upon one; and the 
sompariaon of such a protoplasm to a body with an 
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internal circulation, which has been put forward by an 
eminent physiologist, loses much of its startling character. 
CuiTcnts similiir to those of the hairs of the nettle have 
been observed in a great multitude of very different 
plants, and weighty authorities have suggL'sted that they 
probably occur, in more or less perfection, in, all young 
vegetable cells. If such be the case, the wonderful 
noonday silence of a tropical forest is, after all, due only 
to the dulness of our hearing ; and could our ears catch 
the murmur of these tiny Maelstroms, as they whirl in 
the innumerable myriads of living cells which constitute 
.each tree, we should be stunned, as with the roar of 

great city. 

Among the lower plants, it ia the rule rather than the 

:ception, that contractility should be still more openly 
manifested at some periods of their existence. The 
protoplasm of Algm and Fungi becomes, under many 
circumstances, partially, or completely, freed from its 
woody case, and eshibita movements of its whole mass, 
or is propelled by the contractility of one, or more, hair- 
like prolongations of its body, which are called ■\abratile 
And, so far as the conditions of the manifestation 
the phHenomcna of contractility have yet been studied, 
they are the same for the plant as for the animal Heat 
and electric shocks influence both, and in the same way, 
though it may be in different degrees. It is by no means 
my intention to suggest that there is no difference in 
faculty between the lowest plant and the highest, or 
between plants and animals. But the difference between 
the powers of the lowest plant, or animal, and those of 
the highest, is one of degree, not of kind, and depends, 
»a Milne-Edwards long ago so well pointed out, upon 
■the extent to which the principle of the division of 
' ibour ia carried out in the living economy. In the 

iwest organism all parts are competent to perform all 
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functions, and one and the snme portion of proto- 
(ilasm may successively take on the function of feeding, 
moving, or reproducing apparatus. In the highest, on 
the contrary, a great number of parts combine to per- 
form each function, each part doing its allotted share of 
the work with great accuracy and efficiency, but being 
useless for any other purpose. 

On the other hand, notwithstanding all the funda- 
imental resemblances which exist between the powers of 
the protoplasm in plants and in animals, they present 
a striking difference {to which I shall advert more at 
length presently), in the fact that plants can manufacture 
fresh protoplasm out of mineral compounds, whereas 
animals are obliged to procure it ready made, and hence, 
in the long run, depend upon plants. Upon what con- 
dition this difference in the powers of the two great 
divisions of the world of life depends, nothing is at 
present known. 

With such qualification as arises out of the last- 
mentioned fact, it may be truly said that the acts of all 
living things are fundamentally one. Is any such unity 
predicahle of their forms 1 Let us seek in easily verified 
facts for a reply to this question. If a drop of blood be 
drawn by pricking one's finger, and viewed with proper 
precautions and nnder a sufiicicntly high microscopic 
power, there will be seen, among the innumerable mul- 
titude of little, circular, discoidal bodies, or corpuscles, 
which float in it and give it its colour, a comparatively 
small number of colourless corpuscles, of somewhat larger 
size and very irregular shape. If the drop of blood be 
[Jkept at the temperature of the body, these colourless 
[.corpuscles will be seen to exhibit a mai-veUous activity, 
changing their forms with great rapidity, drawing iu 
and thrusting out prolongations of their substance, and 
creeping about as if they were independent organisms. 
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The substance wliicli ia thus active is a mass of proto*^| 
^lasm, and its activity difiera in detail, rather than in^f 
principle, from that of the protoplasm of the nettle. 
Under sundry circumstances the corpuscle dies and 
becomes distended into a round maps, in the midst of 
which is seen a smaller spherical body, which existed, 
but was more or loss hidden, in the living corpuscle, and 
13 called its nucleus. Corpusclfss of essentially similar 
structure are to be found in the skin, in the lining of the 
- mouth, and scattered through the whole framework of 
the body. Nay, more ; in the earliest condition of the 
human organism, in that state in which it has hut just 
become distinguishable from the egg in which it arises, 
it ia nothing but an aggregation of such corpuscles, and 
every organ of the body was, once, no more than such 
an aggregation. 

Thus a nucleated mass of protoplasm turns out to be 
what may be termed the structural unit of the human 
bor'y. As a matter of fact, the body, in its earliest state, 
is a mere multiple of such units; and, in ita perfect eon- 
. ditton, it is a multiple of such units, varionsly modified. 
But does th< formula which expresses the essential 
kuctural character of the highest animal cover all the 
3st, as the statement of its powers and faculties covered 
iiat of all others ? Very nearly. Beast and fowl, 
[teptile and fish, mollusk, worm, and polype, are all eom- 
^sed of structural units of the same character, namely, 
F Inasscs of protoplasm with a nucleus. There are sundry 
\ very low animals, each of which, structurally, is a mere 
colourless blood-corpuscle, leading an independent lifa 
But, at the very bottom of the animal scale, even this 
fiimplicity becomes simplified, and all the phEeuomcnn. of 
life are manifested by a particle of protoplasm without a 
nude\is. Nor are such organisms insignificant by reason 
of their want of complexity. It is a fair question 
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whether the protoplasm of those simplest forms of life, 
which people an immense extent of the bottom of the 
Boa, woiild not outweigh that of all the higher living 
beinga which inhabit the land put together. And in 
ancient times, no less than at the present day, such 
living beings aa these have been the greatest of rock 
bmldera. 

Wliat has been said of the animal world is no less true 
of plants. Imbedded in the protoplasm at the broad, or 
attached, end of the nettle hair, there lies a spheroidal 
nucleus. Careful examination further jiroves that the 
whole substance of the nettle is made up of a repetition 
of Buch masses of nucleated protoplasm, each contained 
in a wooden case, which ia modified in form, sometimes 
into a woody fibre, sometimes into a duct or spiral vessel, 
sometimes into a pollen grain, or an ovule. IVaecd back 
to its earliest state, the nettle arises as the man docs, in 
a particle of nucleated protoplasm. And in the lowest 
plants, as in the lowest animals, a single mass of such 
protoplasm may constitute the whole plant, or the photo- 
plasm may exist witliout a nucleus. 

Under these circumstances it may well be asked, how 
is one mass of non-nucleated protoplasm to be distin- 
guished from another? why call one "plant" and the 
other "animal" ? 

The only reply is that, so far as form is concerned, 
plants and animals are not separable, and that, in many 
cases, it 13 a mere matter of convention whether we call 
a given organism an animal or a plant. There ia a living 
body called jEthalkim septicum, which appears upon 
decaying vegetable substances, and, in one of ita forms, ia 
common upon the surfaces of tan-pits. In this condition 
it is, to all intents and purposes, a fungus, and formerly 
was always regarded as such ; but the remarkable in- 
vestigations of De Cary have shown that, in anothej 




I 









»n.] ON THE PUrSICAL BASIS OF LIFE. 129 

condition, the jEthalhim is an actively locomotive crea- 
ture, and takes in solid matters, upon which, apparently, 
■it feeds, thus exhibiting the most characteristic feature 
animality. Is this a plant ; or is it an animal ? Jh 
both ; or ia it neither \ Some decide in favour of the 
■last supposition, and establish an mtennediate kingdom, 
a sort of biologicfd No Miin's Land for all these ques- 
tionable forms. But, as it is admittedly impossible to 
draw any distinct boundary line between tbiij no mau'a 
land and the vegetable world on the one band, or the 
animal, on the other, it appears to me that this pro- 

i'eding merely doubles the difJSculty which, before, was 
igle. 
Protoplasm, simple or nucleated, is the formal basis of 
1 life. It ia the clay of the potter : which, bake it and 
paint it as he will, remains clay, separated by artifice, 
and not by nature, from the commonest brick or sun- 
dried clod. 

Thus it becomes clear that all living powers are 
cognate, and that all living forms are fundamentally of 
one chnracter. The researches of the chemist have 
revealed a no less striking uniformity of material com- 
position in living matter. 

In perfect strictness, it is ti'ue that chemical inves- 
tigation can tell us little or nothing, directly, of the 
composition of living matter, inasmuch as such matter 
lUst needs die in the act of analysis, — and upon this 
■ obvious ground, objections, which I confess seem to 
to be somewhat frivolous, have been raised to the 
rawing of any conclusions whatever respecting the 
composition of actually living matter, from that of the 
dead matter of life, which alone is accessible to us. But 
ubjectors of this class do not seem to reflect that it ia 
'so, in strictness, true that we know nothing about the 
imposition of any body whatever, as it is. The stote- 
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ment that a crj^tal of calc-spar consists of carbonate of 
lime, is quite true, if we only mean that, by appropriate 
processes, it may be I'esolved into carbonic acid and 
quicklime. If you pass the same carbonic acid over the 
very quicklime thus obtained, you will oljtaiji carbonate 
of lime again ; but it will not be calc-spar, nor anything 
like it. Can it, therefore, be said that chemical analysis 
teacbea nothing about the chemical composition of calc- 
Bpar ? Such a statement -would be absurd ; but it is 
hardly more so than the talk one occasionally hears 
about the uselessness of applying the results of chemical 
analysis to the livmg bodies which have yielded them. 

One fact, at any rate, is out of reach of such refine- 
ments, and this is, that all the forms of protoplasm 
which have yet been examined contain the four element,', 
carbon, hydrogen, oxygen, and nitrogen, in very complex 
union, and that they behave similarly towards several 
reagents. To this complex combination, the nature of 
which has never been determined with exactness, the 
name of Protein has been applied. And if we use this 
term with such caution as may properly arise out of our 
comparative ignorance of the things for which it stands, 
it may be truly said, that all protoplasm is proteinaeeous , 
or, as the white, or albumen, of an egg is one of the 
commonest examples of a nearly pure proteine matter, 
we may say that all living matter is more or less 
albuminoid. 

Perhaps it would not yet be safe to say that all forms 
of protoplasm are aflected by the direct action of electric 
ahoclis ; and yet the number of cases in which the 
contraction ot protoplasm is shown to be effected by this 
agency increases every day. 

Nor can it be nffimied with perfect confidence, that all 
K forms of protoplasm are liable to undergo that peculiar 
^^ coagulation at a temperature of 40° — 50° centigrade^ 
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whith Las teen called " heat-stiffening," ttougli Kiitne's 
beautiful researches have proveJ. this occurrence to take 
place in so many and such diverse living beings, that it . 
IB hardly rash to expect that the law holds good for all. ^m 

Enough has, perhaps, been said to prove the existence - 
of a general uniformity in the character of the proto- 
plasm, or physical basis, of life, in whatever group of 
Uving beings it may be studied. But it will be under- 
stood that this general uniformity by no means excludes 
any amount of special modifications of the fundamental 
substauce. The mineral, carbonate of lime, assumes an 
immense diversity of characters, though no one doubts 
that, under all these Protean changes, it is one and the 

me thing. 

And now, what is the ultimate fate, and what the 

^ of the matter of life ? 

Is it, as some of the older naturalists supposed. 
diffused throughout the universe in molecules, which are 
indestructible and unchangeable in themselves ; but, in 
endless transmigration, unite in innuinerable permu- 
tations, into the diversified forms of life we know ? Or, 
is the matter of life composed of ordinary matter, 
differing from it only in the manner in which its atoms 
are aggregated ? Is it built up of ordinary matter, and 
again resolved into ordinary matter when its work is 
done? 

Modem science does not hesitate a moment between 
alternatives. Physiology writes over the portals of 

"Debcmiir morti noa noatraque," 

with a profoimdcr meaningthan the Koman poet attached 
to that melancholy line. Under whatever disguise it 
takes refuge, whether fungua or oak, worm or man, tlu^ 
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living protoplasm not only ultimately dies and is resolved 
into its mineral and lifeless constituents, but is always 
dying, and, strange as the paradox may eound, could not 
live unless it died. 

In the wonderful story of the " Peau de Chagrin," 
the hero becomes possessed of a magical wild ass' skin, 
which yields him the means of gratil'ymg all his wishes. 
But its surface represents the duration of the proprietor's 
life; and for every satisfied desire the skin shrinks in 
propoi-tion to the intensity of fruition, until at length 
life and the last handbreadth of the pcau de chagrin 
disappear with the gratification of a last wish. 

Balzac's studies had led him over a wide range of 
thought and speculation, and his shadowing forth of 
physiological truth in this strange story may have been 
intentional. At any rate, the matter of life is a veritable 
peau de chagrin, and for every vital act it is somewhat 
the smaller. All work impKcs waste, and the work o£ 
life results, directly or indirectly, in the waste of pro- 
toplasm. 

Every word uttered by a speaker costa him some 
physical loss ; and, in the strictest sense, he burns that 
others may have light — so much eloquence, so much of 
hia body resolved iato carbonic acid, water, and urea. 
It is clear that this process of expenditure cannot go on 
for ever. But, happily, the protoplasmic peau de cliagrin 
differs from Balzac's in its capacity of being repaired, and 
brought back to its full size, after every exertion. 

For example, this present lecture, whatever its intel- 
lectual worth to you, has a certain physical value to me, 
which is, conceivably, expressible by the number of 
groins of protoplasm and other bodily substance wasted 
in maintaining my vital processes during its deliver)' 
MypeaM de cliagrin wdl be distinctly smaller at the end 
of the discourse than it was at the beginning. By and 
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by, I stall probiibly have recourse to the substance com- 
monly called mutton, for tte purpose of stretching it 
back to its original size. Now this mutton was once 
the living protoplasm, more or less modified, of another 
animal— a sheep. As i shall eat it, it is the same matter 
altered, not ordy by death, but by exposxire to sundry 
artificial operations in the process of cooking. 

But these changes, whatever be their extent, have not 
rendered it incompetent to resume its old functions as 
matter of lifa A singular inward laboratory, which I 
possess, will dissolve a certain portion of the modified 
protoplasm ; the solution so formed will pass into my 
veins ; and the subtle influences to which it will tlicn bo 
subjected will convert the dead protoplasm into living 
irotoplasm, and transubstantiate sheep into man. 

Nor is this all. If digestion were a thing to be trifled 

!th, I might sup upon lobster, and the matter of life of 
:lie crustacean would undergo the same wonderful meta- 
morphosis into humanity. And were I to return to my 
own place by sea, and undergo shipwreck, the Crustacea 
might, and probably would, return the compliment, and 
demou-strate our common nature by turning my proto- 
plasm into living lobster. Or, if nothing better were tr> 
be had, I might supply my wants with mere bread, and 
I should find the protoplasm of the wheat^plant to be 
convertible into man, with no more trouble than that 
(tf the sheep, and with far less. I fancy, than that uf 
lobster. 

Hence it appeara to be a matter of no great moment 
what animal, or what plant, I lay under contribution for 
protoplasm, and the ^ct speaks volumes for the general 
identity of that substance in all living beings. 1 share 
[his eathulicity of assimilation with other animals, all of 
which, so far as we know, could thrive equally well on 
the protoplasm of any of their fellows, or of ar.^ T^\a5A\ 
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but tere the assimilative powers of the animal ■world 
cease. A eolution of BmeUing-salta in water, with an 
infinitesimal proportion of some other saline matters, 
contains all the elementary bodies which enter into the 
composition of protoplasm ; but, as I nerd hardly say, a 
hogshead of that fluid would not keep a hungry man from 
starving, nor would it save any animal whatever from a 
like fate. An animal cannot make protoplasm, but must 
take it ready-made from some otiier animal, or some 
plant — ^the animal's highest fiat of constructive chemistry 
being to convert dead protoplasm into that Kviug matter 
of life which is appropriate to itself. 

Therefore, in seeking for the origin of protoplasm, we 
must eventually turn to the vegetable world. The fluid 
containing carbonic acid, water, and ammonia, which 
offers such a Barmecide feast to the animal, is a table 
richly spread to multitudes of plants; and, with a due 
supply of only such materials, mauy a plant will not only 
maintain itself in vigour, but gi-ow and multiply until it 
has increased a miUion-fold, or a million million-fold, the 
quantity of protoplasm which it originally possessed ; in 
this way building up the matter of life, to an indefinite 
extent, from the common matter of the universe. 

Thus, the animal can only raise the complex sub- 
stance of dead protoplasm to the higher power, ii3 one 
may say, of living protoplasm ; while the plant can raise 
the less complex substances — carbonic acid, water, and 
ammonia — to the same stage of living protoplasm, if not 
to the same level. But the plant also has its limitations- 
Some of the fungi, for example, appear to need higher 
compounds to start with ; and no known plant can live 
upon the uncompoundcd elements of protoplasm. A 
plant supplied with pure carbon, hydrogen, oxygen, 
and nitrogen, phosphorus, sulphur, and the like, would 
[IS iiifidlibly die as the animal in Iiis bath of smelling' 
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8alt3, though it would be surrounded by all tbe consti- 
tuenla of protoplasm. Nor, indeed, need the process of 
siniphfication of vegetable food be carried so far as this, 
in order to arrive at the Jimit of the plaait'a tbaumaturgy. 
Let water, carbonic acid, and all the other needful con- 
stituents be supplied with ammonia, and an ordinary 
plant ■vriU still be unable to manufacture protoplasm. 

Thus the matter of life, so far as we know it (and we 
bave no right to speculate on any other), breaks up, in 
consequence of that continual death which is the con- 
dition of its manifesting vitality, into carbonic acid, 
water, and ammonia, which certainly possess no proper- 
ties but those of ordinaiy matter. And out of these 
same forms of ordinary matter, and from none which 
are simpler, the vegetable world builds up all the proto- 
plasm which keeps the animal world a-going. Plants are 
the accumulators of the power which aniu^ls distribute 
and disperse. 

But it will be observed, that the existence of the 
matter of life depends on the pre-existence of certain 
compounds ; namely, carbonic acid, water, and ammonia. 
Withdraw any one of these three from the world, and all 
vital phsenomena come to an end. They ai'e related 
to the protoplasm of the plant, as the protoplasm of the 
plant is to that of the animal. Carbon, hydrogen, oxygen, 
and nitrogen are all lifeless bodies. Uf these, cai'bon 
and oxygen unite, in certain proportions and under 
certain conditions, to give rise to cai'bonic acid ; 
hydrogen and oxygen produce water ; nitrogen and 
hydi'ogen give rise to ammonia. These new compounds, 
like the elementary bodies of which they are composed, 
are lifeless. But when they are brought together, 
under certain conditions they give rise to the still 
more complex body, protoplasm, and this protoplasm j 
exhibits the phEcnomena of life. 
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I eee no brciik in this series of steps in molecular 
complication, und I am miable to understand why the 
language which ia applicable to any one term cf the 
Beries may not be used to any of the others. We think 
fit to call different kinda of matter carbon, oxygen, 
hydrogen, and nitrogen, and to speak of the -various 
powers and activities of these substances as the pro- 
perties of the matter of which they are composed. 

When hydrogen and oxygen are mixed in a certain 
proportion, and an electric spark is passed through them, 
they disappear, and a quantity of water, equal in weight 
to the sura of their weights, appears in their place. 
There is not the slightest parity between the passive and 
active powers of the waters and those of the oxygen and 
hydrogen which have given rise to it. At 32° Fahrenheit, 
and far below that temperature, oxygen and hydrogen 
are elastic gaseous bodies, whose particles tend to rush 
away from one another with great force. Water, at the 
same temperature, is a strong though brittle solid, whose 
particles tend to cohere into definite geometrical shapes, 
and sometimes buUd up frosty imitations of the most 
complex forms of vegetable foliage. 

Nevertheless we call these, and many other strange 
phsenomena, the properties of the water, and we do not 
hesitate to believe that, in some way or another, they 
result from the properties of the component elements of 
the water. We do not assume that a something called 
"aqnosity" entered into aad took possession of the oxide 
of hydrogen as soon as it was formed, and then guided 
the aqueous particles to their places in the facets of the 
crystal, or amongst the leaflets of the honr-frost. On the 
contrary, we live in the hope and in the faith that, by 
the advance of molecular physics, we shall by and by be 
able to see our way as clearly from the constituents of 
water to the properties of water, as we are now able to 
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leducc the operation! 
_iarta and the manner in which they are put together. 

Is the case in any way changed when carbonic acid, 
■water, and ammonia disappear, and in their place, imder 
the influence of pre-existing Jiving protoplasm, an 
equivalent weight of the matter of life makes ita 
appearance 1 

It is true tliat there is no sort of parity hetween the 
properties of the components and tlie properties of the 
resultant, hut neither was there in the case of the water. 
It 13 also true that what I have spoken of aa the in- 
fluence of pre-existing living matter is something quite 
unintelligible ; but does anybody quite comprehend the 
modus operandi of aa electric spark, which traverses a 
jmxture of oxygen and hydrogen ? 

Wliat justification is there, then, for the assumption of 
existence in the living matter of a something which 
has no representative, or correlative, in the not living 
matter which gave rise to it ? What better philosophical 
status has "vitality" than " aquosity " ? And why 
eliould " vitality" hope for a better fate than the other 
itys" which have disappeared since Martinus Scriblerus 

:ouuted for the operation of the meat-jack by ita 
inherent "meat-roasting quality," and scorned the 
"materialism" of those who explained the turning of the 
Gpit by a certain mechanism worked by the draught of 
the chimney ? 

If scientific language is to possess a definite and 
constant signification whenever it is employed, it seems 
to me that we are logically bound to apply to the 
protoplasm, or physical basis of life, the same concep- 
tions as those which are lield to be legitimate elsewhere. 
If the pha^nomena exhibited by water are its properties, 
BO are those presented by protoplasm, living or dead, ;' 
properties. 
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If tlic propertien of water niny be properly saiJ to 
result from tlie nature and disposition of its component 
molecules, I can find no intelligible ground for refusing 
to say that the properties of protoplasm result from the 
nature and disposition of its molecules. 

But I bid you beware that, in accepting these conclu- 
sions, you are placing your feet on the first rang of a 
ladder which, in most people's estimation, is the reverse 
of Jacob's, aud leads to the antipodes of heaven- It may 
seem a small thing to admit that the dull vital actions 
of a fungus, or a foraminifer, are the properties of their 
protoplasm, and arc the direct results of the nature of the 
matter of which they are composed. But if, as I have 
endeavoured to prove to you, their protoplasm is essen- 
tially identical with, and most readily converted into, 
that of any animal, I can discover no logical halting- 
place between the admission that such is the case, and 
the further concession that all vital action may, with 
equal propriety, be said to be the result of the molecular 
forces of the protoplasm which displays it. And if so, 
it must be true, in the same sense and to the same 
extent, that the thoughts to which I am now giving 
utterance, and your thoughts regarding them, are the 
expression of molecular changes in that matter of life j 
which ia the source of our other vital pha^nomcua. ■ 

Past experience leads rac to be tolerably certain thaf^ ■ 
when the propositions I have just placed before you are 
accessible to public comment and criticism, they will be 
condemned by many zealous persons, and perhaps by 
some few of the wise and thoughtful. I should not 
wonder if " gross and brutal materialism " were the 
nuldest phrase applied to them in certain quarters. 
And, most undoubtedly, the terms of the propositions are 
distinctly materialistic. Nevertheless two things are 
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certain : the one, tbat I hol'l the statements to be sub- 
stantially tiTte ; the other, that I, individually, am no 
materiaHst, but, on the contrary, believe materialism to 

' "jivolve grave philosophical error. 

Tbia union of materialistic terminology with the repu- 

f'Siatiou of materialistic philosophy I share with some of 
the most thoughtful men with whom I am acquainted. 
And, when I first undertook to debver the present 
discourse, it appeared to me to be a fitting opportunity 
to explain how such a union is not only consistent with, 
but necessitated by, sound logic. I purposed to lead yon 
through the territory of vital phasnomena to the material- 
istic slough in which you find yourselves now plunge<l, 
and then to point out to you the sole path by which, in 
my judgment, extrication is possible. 

An occurrence of which I was unaware until my 
arrival here last night rendera this line of argument 
singularly opportune. I found in your papers the 
eloquent address "On the Limits of Philosophical 
Inquiry," which a distinguished prelate of the English 
Church delivered before the members of the Philoso- 
phical Institution on the previous day. My argument, 
also, turns upon this very point of the Haiits of philo- 
sophical inquiry ; and I cannot bring out my own views 
better than by contrasting them with those so plainly 
and, in the main, fakly stated by the Archbishop of 
York. 

But I may be permitted to make a preliminary con- 
ment upon an occurrence that greatly astonished mc. 
Applying the name of the "New Philosophy" to that 
atimate of the limits of philosophical inquiiy which 1, 
in common with many other men of science, hold to be 

I'ust, the Archbishop opens his address by identifying 
Jus "New Philosophy" with the Positive Philosophy of 
|L Comte (of whom he speaks aa its "founder"); and 
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then prorccds to attack that pliilosoplier and liis doctrines 
vigorously. 

Now, so far as I am concerned, the most reverend 
prelate might dialnctically hew M. Comte in 
modern Agag, and I should not attempt to stay 
hand. In so far as ray study of what specially chi 
tTTHses the Positive Philosophy has led me, I find the] 
little or nothing of any scientific value, and a great di 
which is as thoroughly antagonistic to the very essenco' 
of science as anything in ultramontane Catholicism. In 
fact, M. Comtc'a philosophy in practice might be com- 
pendiously descriljed as Catholicism minus Christianity. 

But what has Comtism to do with the " New PhUi 
sophy," as the Archbishop defines it in the foUoi 
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"Let me brii^Jlj remind you of lie loading principles of this 
jihiloBophy, 

■' All knowledge is esperiecce of iacts acqiiireil by the aenaeB. 
traditions of older philosophies have obscured our experience by mixing 
with it much that the Benses cannot observe, and until these additions 
ure discarded our knowledge is impure. Thus metaphysics tell us that 
one fact which we obserye is a cause, and another is the effect of that 
cause ; but, upon a rigid analysis, we find that our senses observe 
nothing of cause or effect: they observe, first, that one fact succeeds 
another, and, alter some opportunity, that this fact has never lailed to 
follow — that for cause and effect we should suhstituto invariable suc- 
cession, .An older philosophy teaches na to define an object by dis- 
tinguishing its essential from its accidental qualities : but experience 
knows nothing of essential and accidental ; she sees only that certain 
marks attach to an object, and, after many observations, that some of 

them attach invariably, whilst others may at times be absent 

As all knowledtje ia relative, the notion of anything being necessary 
must be banislied with other tniditiona." ^ 

There is much licre that expresses the spirit of the 
"New Philosophy," if by that term be meant the spirit 
modern science ; but I cannot but marvel that the^ 

"Tlie Limits of Philosophical Inquiij," pp. 4 and S. 
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assembled wisdom and learning of Edinburgh should 
have uttered no sign of dissent, when Comte was 
declared to be the founder of these doctrines. No one 
will accuse Scotchmen of habitually forgetting their 
great countrymen ; but it was enough to make David 
Hume turn in his grave, that here, almost within ear- 
ehot of his house, au instructed audience should have 
listened, without a murmur, while his most characteristic 
doctrines were attributed to a French writer of fifty 
years later date, in whose dreary and verbose pages we 
miss alike the vigour of thought and the exquisite clear- 
ness of style of the man whom I make bold to term the 
most acute thinker of the eighteenth century — even 
though that century produced Kant 

But I did not come to Scotland to vindicate the 
honour of one of the greatest men she has ever produced. 
fily business is to point out to you that the only way of 
escape out of the crass materialism in which we just 
landed, is the adoption and strict working-out of 
l-die very principles which the Archbishop holds up to 
reprobation. 

Let ua suppose that knowledge is absolute, and not 
relative, and therefore, that our conception of matter 
represents that which it really is. Let us suppose, 
further, that we do know more of cause and effect than 
a ccriain definite order of succession among facta, and 
that we have a knowledge of the necessity of that succes- 
sion — and hence, of necessary laws — and I, for my part, 
do not see what escape there is from utter materialism 
and neceasarianism. For it is obvious that our know- 
ledge of what we call the material world is, to begin 
■with, at least as certain and definite as that of the 
spiritual world, and that our acquaintance with law is of 
as old a date as our knowledge of spontaneity. Further, 
I take it to be demonstrable that it is utterly impossible 
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to prove that anything whatever may not be the cffecit 
of a material and necessary cause, and that human logic 
is equally incompetent to prove that aay act is 
really epontaneous. A reaUy spontaneous act is one 
which, by the assumption, has no cause ; and the attempt 
to prove such a negative as this is, on the face of the 
matter, absurd. And -while it is thus a philosophical 
impossibility to demonstrate that any given phcenomenon 
is not the effect of a material cause, any one who is 
acquainted with the history of science will admit, that 
its progress has, in all ages, meant, and now, more than 
ever, means, the extension of the province of what we 
raU matter and causation, and the concomitant gradual 
banishment from all regions of human thought of what 
We call spirit and spontaneity. 

I have endeavoured, in the first part of this discourse, 
to give you a conception of the dii-ection towards which 
modern physiology is tending ; and I ask you, what is 
the difference between the conception of life as the 
product of a certain disposition of material molecules, 
and the old notion of an Archseus governing and di- 
recting blind matter within each living body, except 
this — that here, as elsewhere, matter and law have de- 
voured spirit and spontaneity ? And as surely as every 
future grows out of past and present, so wUl the phy- 
siology of the future gradually extend the realm of 
matter and law until it ia co-extcnsive with knowledge, 
with fechng, and with action. 

The consciousness of this great truth weighs like a 
nightmare, I believe, upon many of the best miods of 
these days. They watch what they conceive to be the 
progi-ess of materialism, in such fear and powerless anger 
as a savage feels, when, during an eclipse, the great 
shadow creeps over the face of the sun. The advancing 
tide of matter threatens to drown their souls ; the tight- 
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ening grasp of law impedes their freedom ; they are 
alarmed lest man's moral nature Lc debased by the 
increase of his wisdom. 

If the "New Philosophy" be worthy of the repro- 
bation with which it is visited, I couftiss their fears seem 
to me to be well founded. WhOe, on the contrary, 
could David Hume be consulted, I think he would smile 
at their perplexities, and chide thorn for doing even as 
the heathen, and falling down in terror before the 
hidcouB idols their own hands have raised. 

JFor, after all, what do we know of this terrible 
" matter," except as a name for the unknown and hypo- 
thetical cause of states of our own consciousness ? And 
what do we know of that " spirit" over whose threatened 
extinction by matter a great lamentation is arising, Hke 
that which was heard at the death of Pan, except that 
it is also a name for an unknown and hypothetical cause, 

condition, of states of consciousness ? In other words, 
latter and spirit are but names for the imagmary sub- 
,ta of groups of natural phifinomena. 

And what is the dire necessity and "iron" law under 
which men groan ? Tndy, most gratuitously invented 
bugbears. I suppose if there be an "iron" law, it is 
that of gravitation ; and if there be a pliysical necessity, 
it is that a stone, unsupported, must fall to the ground. 
But what is all we reaJly know, and can know, about the 
latter pha^nomenonl Simply, that, in all human ex- 
perience, stones have fallen to the ground under these 
conditions ; ■ that we have not the smallest reason for 
believing that any stone so circumstanced will not fall 
to the ground ; aud that we have, on the contrary, every 
reason to believe that it will so fall. It is very con- 
venient to indicate that all the conditions of belief have 
been fulfilled in this case, by calling the statement that 
nnsupported stones will fall to the ground, "a law of 
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nature." But wlien, as coraraonly happens, we change 
will into must, we introduce an idea of necessity which 
most assurudly docs not lie in the observed i'acts, and 
lias no warranty that I can discover elsewhere, Por my 
part, I utterly repudiate and anathematize the intruder. 
Fact I know ; and Law I know ; but what is this Ne- 
cessity, save an empty shadow of my own mind'f 
throwinrf ? j 

But, if it is certain that we can have no knowledge 
of the nature of either matter or spirit, and that the 
notion of necessity is something illegitimately thrast 
into the perfectly legitimate conception o£ law, the 
materialistic position that there is nothing in the world 
but matter, force, and necessity, is as utterly devoid of 
justification as the most baseless of theological dogmas. 
The fundamental doctrines of materialism, like those of 
spiritualism, and moat other '.'isms," lie outside "the 
limi t.q of philosophical inquiry," and David Hume's great- 
service to humanity is his irrefragable demonstration of 
what these limits are. Hume called himself a sceptic, 
and therefore others cannot be blamed if they apply the 
same title to him ; but that does not alter the fact tl 
the name, with its exiating implications, does Lim 
injustice. 

If a man asks me what the politics of the inhabitants 
of the moon are, and I reply that I do not know; that 
neither I, nor any one else, have any means of knowing 
and tliat, under these circumstances, I decline to troubl 
myself about the subject at all, I do not think he hi 
any right to call me a sceptic. On the contrary, in r&-' 
plying thus, I conceive that I am simply honest and 
truthful, and show a proper regard for the economy of 
time. So Hume's strong and subtle intellect takes up 
a great many problems about which we are naturally, 
purious, and shows us that they are essentially questioi 
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of luoiir politics, in tlicir essence incapable of being 
answered, and therefore not worth the attention of men 
who have work to do in the world. And he thus enda 

one of his essays : — • 

" I£ we take in hand any Tohime of Divinity, or school metaphysic?', 
foT instance, let ns ask, Doa it eontain any ahttraet reasoning conceminy 
qiumtity or ntimber I So, Does it contain any experimental reasoning 
cnneemiTirj matter of fact and existence i No. Commit it then to tlie 
ilamea ; fur it can toutaiu nothing but aophistrj' and illusion." * 

Permit me to enforce thia most wise advice, Wliy 
trouble ourselves about matters of which, however im- 
portant they may be, we do l;now nothing, and can 
know nothiug 1 Wo live in a world which is full of 
misery and ignorance, and the plain duty of each and 
all of us is to try to make the little corner he can in- 
lluence somewhat less miserable and somewhat less 
ignorant than it was before he entered it. To do thia 
effectually it ia necessary to be fully possessed of only 
two beliefs : the first, that the order of nature is ascer- 
tainable by our faculties to an extent v/^hich is practically 
unlimited ; the second, that our volition counta for some- 
thing as a condition of the course of events. 

Each of these beliefs can be verified experimentally, 
as often as we like to try. Each, therefore, stands upon 
the strongest foundation upon which any belief can rest, 
and forma one of our highest truths, ]f we find that 
the ascertainment of the order of nature is facilitated 
by using oue terminology, or one set of symbols, rathci 
than another, it is our clear duty to use the former ; and 
no harm can accrue, so long as we bear in mind, that we 
are dealing merely with terms and symbols. 

In itself it is of little moment whether we express 
phaiuomena of matter in terms of spirit; or the 

Hume'E EsTOT " Of the Aciidemical or Sceptic--i Pliilosophj," 
muity concerainj the Human UaderstanUing." 
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phfeaomena of spirit, in tenna of matter : matter may 
[ye regarded as a fonn of thought, thought may be re- 
garded as a property of matter — each etatement has a 
certain relative truth. Bufwith a view to the progress i 
of science, the materialistic terminology is in every way i 
to be preferred. For it connects thought with the other 
phsenomena of the universe, and suggests inquiry into 
the nature of those physical conditions, or concomitants 
of thouglit* which are more or less accessible to us, and 
a knowledge of which may, in future, help us to exercis 
thfi same kind of control over the world of thought, a 
we already possess in respect of the materijd world,! 
whereas, the alternative, or spiritualistic, terminology ia 
utterly barren, and leads to nothing but obscurity and 
coufusiou of ideas. 

Thus there can be little doubt, that the further seicncAi 
advances, the more extensively and consistently will aU'J 
the phenomena of nature be represented by materialistit» 
forraulre and symbols. J 

But the man of science, who, forgetting the limits oti 
philosophical inquiry, slides from these formulaa and! 
symbols into what is commonly understood by mate- 
rialLsm, acems to me to place himself on a level with 
the mathematician, who should mistake the k's and y'l 
with which he works his problems, for real entities — and 
with this further disadvantage, as compared with th( 
mathematician, that the blunders of the latter are of 
no practical consequence, while the errors of systematic 
inaterialisrii may paralyse the energies and destroy the 
„ beauty of a life. 
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It is now some sistccn or seventeen years since I became 

acquainted with tlie " Philosophie Positive," the " Dis- 

cours 8ur I'Ensemble du Poaitivisme," and the " Politique 

Positive" of Anguste Comte. I was led to study these 

works partly by the allusions to them in Mr. Mill'a 

" Logic," partly by the recommendation of a dia- 

tinguished theologian, and partly by the urgency of a 

valued friend, the la.te Professor Henfrey, who looked 

upon M. Comte's bulky volumes as a mine of wisdom, 

I and lent them to me that I might dig and be riclu 

After due perusal, I found myself in a position to echo 

i my friend's words, though I may have I:dd more stress 

. the "mine" than on the "wisdom." For I found 

1 the veins of ore few and far between, and the rock so 

I apt to run to mud, that one incurred the risk of being 

intellectually smothered in the working. Still, as I 

I was glad to acknowledge, I did come to a nugget here 

I and there ; though not, so far as my experience went^ 

. in the discussions on the philosophy of the physical 

Biiiences, but in the chapters on speculative and practical 

sociology. In these there was indeed much to aruUEe 

the liveliest interest in one wliose boat had broken aw&y 

from the old moorings, and who had been content" to 

lay out an anclior by the stem" until daylight ehonld 



riis 



LAT SEUilONS, ADDRESSES, ASD REVIEWS. 



[va 



► 



break and tlie fog dear. Nothing could be more inter- 1 
estiiig to a student of biology than to see the studyj 
of the biological sciences laid down, as an essential part ■ 
of the prolegomena of a new view of social phiEnomena. 
Nothing could be more satisfactory to a worshipper of 
die severe truthfulness of science than the attejnpt to 
dispense with all beliefs, save such as could brave the 
light, and seek, rather than fear, criticism ; while, to a 
lover of courage aud outepokenness, nothing could be 
more touching than the placid announcement on the 
title-pnge of the " Dlscours sur I'Ensemble du Positi- 
vismc," that its author proposed _ 



" ROorganiaer, bojih Dieu ni roi. 
Par le culte Bystemntique de rHnmaniti^," 



the shattered frame of modem society. 

In those days I knew my "Faust" pretty well, and, 
after reading this word of might, I was minded to 
chant the well-known stanzas of the " Geistcrchor" — 



l» 



"Weh ! Weh ! 
Die Bchiiae welL 
8ie stiirzt, eie zcrfallb 
"Wir tragen 

Die Triimmem ins XiL'hti 
Maah tiger 
Der ErdenGoIme 
Piaohtigcr, 
Eaue aie wieder 
In deinem Eusene baue b! 



Great, bou-cver, was my peqilexity, not to say disap- 
pointment, as I followed the progress of this " m ' " 
son of earth" in his work of reconstruction. ~Un- ) 
doubtedly "Dieu" disappeared, but the "Nonveaa 
Grand-liltre Supreme," a gigantic fetish, turned out bran- 
new by fiL Comtc's own hands, reigned in his stead.. 
.(Eoi" also was not heard of; but, in his place, I found \ 
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a minutoly-dofiued social organizatioD, wliicl), if it evev 
came into practice, wotjld exert a despotic authority 
such as no sultan has rivalled, and no Puritan presbytery, 
in its palmiest days, could hope to excel. While as for 
the "culte systtSmatique de i'Humaiiiti5," I, in ray blind- 
ness, could not distinguish it from sheer Popery, with 
M. Comte in the chair of St. Peter, and the names of 
most of the saints changed. To quote "Faust" again, 
' found myself saying with Gretchen, — __ 



•TTngerahr i 
Kur mit ei 



Eightly or wrongly, this was the impression which, all 
those years ago, the study of M. Comte'a works left on 
my mind, combined with the conviction, which I shall 
always be thankful to him for awakening in me, that 
the organization of society upon a new and purely 
scientific basis is not only practicable, but is the only 
political object much worth fighting for. 

Aa I have said, that part of M. Comte's writings 
which deals with the philosophy of physical science 
appeared to me to possess singularly little -value, and 
to show that he had but the most superficial, and merely 
second-hand, knowledge of most branches of what is 
usually understood by science. I do not mean by this 
merely to say that Comte was behind our present know- 
ledge, or that he was unacquainted with the details of 
the Bcicnce of his own day. No one could justly make 
such defects cause of complaint in a philosophical writer 
of the past generation. "What struck me was his want of 
apprehension of the great features of science ; his strange 
mistakes as to the merits of his scientific contemporaries ; 
and his ludicrously erroneous notions ahout tlie part which 
some of the scientific doctrines current in hia time were 
destined to play in the future. "With these impressions 
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in my mind, no one will be surprised if T acknowledge 
that, for these sixteen years, it has bcun a periodical 
source of irritation to me to find M. Comte put forward 
as a representative of scientific thought ; and to observe 
that writers whose philosophy had its legitimate parent 
in Hume, or in themselves, were labelled "Comtists" or 
"Positivista" by public writers, even in spite of velie- 
meut protests to the contrary. It has cost Mr. Mill 
hard rubbings to get that label off; and I watch Mr. 
Spencer, as one regards a good man struggling with 
adversity, BtiU engaged in eluding its adhesiveness, and 
ready to tear away aldn and all, rather than let it stick. 
My own turn might come nest ; and therefore, when 
an eminent prelate the other day gave currency and 
authority to the popular confusion, I took an oppor- 
tunity of incidentally revindicating Hume's property in 
the so-called "New Philosophy," and, at the same time» 
of repudiating Comtism on my own behalf.^ 



* I wn glad to obserre that Mr. ConOTore, in the criticism with which ha 
has favoured me in the number of the Fortnightly Review for April 1 8()9, does 
not venture ta ciiallenge the justice of the chum I imide for Hume. Ho merely 
HU^esfs that I have ^en wanting in candour in not mentioning Comte's higb 
opinion of Hume. After mature reflection I am unable to di^em laj fault. 
If I hod Bu^eated that Comte had borrowed from Hume without acknowledg- 
ment ; or if, inateiid of trying to express my own sense of Hume's merits witji 
the modesty which becomes a writer who has no authority in matters of philo- 
sophy, I had affinned that no one bad properly appreciated him, Mr. Congreve's 
remarks would apply ; but as I did neither of these things, they appear to 
me to be irrevelaot, if not unjuetifiahle. And even had it occurred to me to 
quote &L Cemte'a expressions about Hume, I do not hnow that I should have 
oited them, Inasmuch as, on his own showing, M. Comte occasionally speaha 
very decidedly touching writeta of wjiose works he has not read a lino. Thus, 
in Tome VI, of the " Pliilosophie Positive," p. 6I!>, M. Comte writes : " Le 
plus grand des m^taphysiciens modemes, I'illustre Kant, a noblement m^rit^ 
une StemelJe admiration en tentant, le premier, d'^chapper direotement k 
I'absolu philosophique par sa cel^bre conception de la double r^alitd, k la 
I'ais objective et Bubjcctive, qui indi^aa nu si ju:ite iicutimeot de laiiaiiia 
philosoplue." 



Butu 



"Je 



the " Pr^f ice Pereonnelle" in the snma volume, p. 35, M. Comte tellr 
lu, en Qucuao laugue, ni Yicu, ni Kant, ni Heider, si 
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The few linca devoted to Comtism in my paper en the 
" Physical Basis of Life " ■were, in intention, strictly 
limited to these two purposes. But they seem to have 
fjiven more umbrage than I intended they should, to the 
followers of M. Comte in this country, for some of whom, 
let me observe in passing. I entertain a most unfeigned 
respect ; and Mr. Congreve's recent article gives expres- 
sion to the displeasure which I have excited among the 
members of the Comtian body, 

Mr. Congreve, in a peroration which seems espccinlly 
intended to catch the attention of his readers, indig- 
nantly challenges me to admire M. Comte's life, "to 
deny that it has a marked character of grandeur about 
it ; and he u.^es some very strong language because I 
show no sign of veneration for his idoL I confess 1 do 
not care to occupy myself with the denigration of a man 
who, on the whole, deserves to be spoken of with respect. 
Therefore, I shall enter into no statement of the reasons 
which lead me unhesitatingly to accept Mr. Congi'eve's 
challenge, and to refuse to recognise anything which de- 
serves the name of grandeur of character in M. Comte, 
unless it be his arrogance, which is undoubtedly sublime. 
All I have to observe is, that if Mr, Congreve is justified 
in saying that I speak with a tinge of contempt for his 
spiritual father, the reason fur such colouring of my 
language is to be found in the fact, that, when I wrote, 
I had but just arisen from the perusal of a work with 
which he is doubtless well acquainted, M. Littr^'a 
"Auguste Comte et la Philosophie Positive." 

Though tht re are tolerably tixed standards of right 
and wrong, and even of generosity and meanness, it 

Ueg^l, &C. ! je ne connaiH Iciirs diTCTS 0UTrag:es que d'aprSs qnelqne* relatiMM _ 
indirectea et certains estraits fort insufflaanta." 

Who knowa but tbiit the " &c." Tn&y include Hume 1 And ii 
kIliI ii tJie Talue of M. Comte's praiae (^ himl 
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may be said tiat tic beauty, or grandeur, of a life 13 
more or less a matter of taste ; and Mr. Congreve'a 
notions of literary exeellcnce are so different from mine 
that, it niiiy be, we should diverge as widely in our 
judgment of moral beauty or ugliness. Therefore, while 
retaining my own notions, I do not presume to quarrel 
with his. But when Mr. Congreve devotes a great deal 
of laboriously guarded insinuation to the endeavour to 
lead the public to believe that I have been guilty of the 
dishonesty of having critich^ed Comte without having 
read him, I must bo permitted to remind him that be 
has neglected the ■weU-known maxim of a diplomatic 
sage, "If you want to damage a man, you should say 
■what 18 probable, as well as what is true," 

And when ]\Ir. Congreve speaks of my having an ad- 
vantage over him in my introduction of "Christianity" 
into the phrase that "M. Corate's philosophy, in practice, 
might be described as Catholicism mi7ius Christianity ;" 
intending thereby to suggest that I have, by so doing, 
desired to profit by an appeal to the odium theologicum, 
' — be lays himself open to a very unpleasant retort. 

What if I were to suggest that Mr. Congreve had not 
read Comte's works ; and that the phiase "the context 
shows that the view of the writer ranges— however 
superficially — over the whole works. This is obvious 
from the mention of Catholicism," demonstrates that 
Mr. Congre\'e has no acquaintance with the "Philosophie 
Positive '1 I think the suggestion would bo veiy uujuat 
and uurasLnuerly, and I shall not make it. But the fact 
remains, that this little epigram of mine, which has so 
gi'eatly provoked Mr, Ctragreve, is neither more nor less 
than a condensed pai-aphrasc of the following passage 
which is to be found at page 344 of the fifth volume of 
the "Philosophie Positive :"^ — 

' KoTT imd alvraya I tfaaia the second edition, lij Liltri 
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*'La eeule solution possible de ce grand prolilfcine liistorique, qui n'j 
jamais pu Ctre philoaopbiquoment pos^ jnsqu'iui, couBiste k concerot* 
en sens radicalement inverse dea notiona habitiielles, que ee qui i/evait 
nf.ceuairemeiit pSrir ainsi, dam le eat/iolicume, ^elait la doctrine, et nrm 
[oTganitalion, qui n'a hi passogirement rtiinde que par suite do eon 
inevitable adhireneo ^liSmentaire 4 lo philosophie thiologique, destinee 
i Buccomber graduellement nous rirr^aistible ^mancipaton de la laison 
liumaine; landU qu'une telle eonttiiutwn, convenoblevirnt recanstruile 
tur dec baset intellectuelles & la foU plm itendueg et plwi stables, depra 
/tnalement presider d rindUjmiaalile rem-ganisation spiiituelle del 
tocieUi modemfg, mv/ Us dijferencea essentielke gpontatiement eorrt- 
tpondantet d Ve-itrtme divertitS de» diiclnnei fondamentale$ ; k moins 
de suppoBer, ce qni ecrait certajnement contradictoire fi 1' ensemble dea 
loia de natre natnre, que les immenses eJTorts da tAiit de granda 
hommee, Eocondcs pai la persi^vt^iante eollicitude des nations ciTilisccq^,. 
ians la iondation secnlaire de ce chef-d'osuvie politique de la sage 
humaiue, doivent 6tre eniia irrevocablement perdas pour I'dlita 
t'hiimanit^ sauf les nisultats, capitaux mais provisoires, qui e'y I 
portaient imsi^iateinent. Cette explication gcnerale, dcj4 ^videm- 
ment motivde par la euite dcs considerations propres h, cq chapitre, 
sera de plus en plus confirmee par tout le reste de notre opi^ratinn 
historique, diiU elte mntlituera spunlaiiiineiil la. principale condaeion^ 
polilique," 

Nothing can he clearer. Comte's ideal, as stated 1 
himself, is Catholic organization ■without Catholic dw 
trine, or, in otiicr words, Catholicism minvs Cbristianit] 
Surely it is utterly unjustifiable to ascribe to me 
motives for statiiit; a man's doctrines, as nearly as majj 
be, in his own words ! 

My readers "would hardly be interested were I to folloii 
Mr. Congreve any furtlier, or I miglit point out that th«" 
!act of his not having heard me lecture is hardly a safe 
ground for his speculations as to what I do not teacL 
Not do I feel called upon to give any opinion as to 
i\I, Comte's merits or demerits as regards sociology. 
Rlr, ilill (whose competence to speak on these matters 
I sujjpoce will not be questioned, even by Mr. Congreve)^ 
has dealt with il. Comte'a philosophy from this point g 
view, with a vigour and authtirity to which I cannot f 
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a moment aspire ; and wilb a severity, not unfroquently 
nmountin!^ to contempt, which I have not the wish, if 1 
had the power, to surpass, I, as a mere student in these 
questions, am content to abide by Mr. Mill's judgment 
until some one shows cause for its reversal, and I decline 
to enter into a discussion which I have not provoked. 

The sole obligation which lies upon me is to justify so 

much as still remains without justification of what I 

have written respecting Positivism — namely, the opinioD 

•"expressed iu the following paragraph : — 'fl 

" In eo far as my study of what specially characteriBes the Positi**" 
Philosophy haa led me, I find therein little or nothing of any Bcientifio 
value, and a gn-at deal which is a^ thorouglily antagonistic to the very 
essence of eciunce as anything in ultramontime Catholicism.'' 

Here are two propositions : the first, that the '* Phi- 
losophio Positive " contains little or nothing of any 
scientific value ; the second, that Comtism is, in spirit, 
anti-scientific. I shall endeavour to bring forward arnpl^ 

Bcvidence in support of both. 

ft I. No one who possesses even a superficial acquaini 
anee with physical science can read Comte's "Lemons' 
without becoming aware that he was at once singularly 
devoid of real knowlLHly;e on these subjects, and singu- 
larly unlucky. AVhat is to be thought of the contem- 
porary of Young and of Fresnol, who never misses 
an opportunity of casting scorn upon the hypothesis 
of an ether— the fundamental basis not only of tlie 
tmdulatory theory of light, but of so much else in 
modern physics — and whose contempt for the intellects 
of some of the strongest men of Lis generation was such, 
that he puts forward the mere existence of night as a 
refutation of the uodulatory theorj' ? ^ What a won- 
derful gauge of his own value as a scientific critic does 
he afford, by wliiim we are informed that phrenology ia 
' "PhUosopliie Positii-p," a. p. 440. 
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B gi'cat science, and psychology a cliimcera ; tliat Gall 
was one of the gi'cat men of liis age, and that Cuvicr 
was "brilliant but superficial"!^ How unlurky must 
oue consider the bold speculator who, just before the i 
dawn of modem histology — wliith is simply the appll- I 
cation of the microscope to anatomy — reproves what he 
calls " the abuse of microscopic investigations," and " tlie 
exaggerated credit" attached to them; who, wh"n the 
morphological uniformity of the tissues of the great 
^ majority of plants aud animals was on the eve of being 
demonstrated, treated with ridicula those who attempt 
to refer all tissues to a "tissu geni^rateur," formed by 
"le chim(5rique et inintelligible assemblage d'une sorte 
de monadea organiques, qui seraJent dfes lors les vrais 
filfiments primordiaux do tout corps vivant ; " ^ and who 
"maUy tells us, that all the objections against a linear 
Tangement of the species of living beings are in their 
sence foolish, and that the order of the animal scries is 
p necessarily linear,"* when the exact conti-ary ia one of 
tie best established and the most important truths of 
tology. Appeal to mathematicians, astronomers, physi- 
ats,* chemists, biologists, about the "Philosophic Poair ■ 
tve," and they all, with one consent, begin to make | 
protestation that, whatever M. Comte's other merits, ho - 

s shed no light upon the philosophy of their particular 
studies. 

To be just, however, it must be admitted that even 
'. Comte's most ardent disciples are content to be 
diciously silent about his knowledge or appreciation of 



» "Le 'briclaiit nnii aupcriiciel Cuvicr," — FkilosapKic Podlin , 
"Pliilosophia Positive," in. p. 3G9. ' Ibid. p. Sift. 



_i3 pretensiona to discoveriea are, as Sit John Herachel baa 
(Imtrdlf iaJlwlciu," — "ComU and Poaitivism," Maemillaa't 
at-soh 1 — 
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the sciences ttcm^elves, and prefer to base their master's 
claims to scientific authority upon his " law of the 
three states," and his " clasaiEcation of the sciences." 
But here, also, I must join issue with them as completely 
BS others — DOtably Mr. Herbert Spencer — have done 
before me. A critical examination of what M. Comte 
has to say about the "law of the three states" brings out 
nothing but a series of more or less contradictory state- 
ments of an imperfectly apprehended tmth ; and his " clas- 
sification of the sciences," whether regarded historically, 
or logically, is, in my judgment, absolutely worthless. 

Let us consider the law of "the three states" as it 
is put before us in the opening of the fir^t Lecon of 
the " PhUosophie Positive : " — 

" En iStudianfc aiiisi le dc^velopjiemetit total do rintelliyeucB hnmaino 
ilans Boa diverses spbtres d'activite, depuia son piemier cssor le plus 
simple jusqu'i noa joura, je crois avoir decouvert ime giande loi 
fondamontale, a laquelle il est asaujetti par uue n^ceasitd invariable, et 
qui me semble pouvoir etia solidement dtablie, soit eur les preuvea 
rationelles fonraics par la cnnnaissancB de notre organisation, soit sur 
lea verifications histoiiqnes resultant d'un examen altentif da pBS«B. 
Cette loi consists en ce qne chacune de nos conceptions principales, 
diaqae branelie de nos connaissances, pasBQ successivement par truis 
(Stats tbdoiiqnes didSrents ; I'etat tbeologique, on fictif ; V4tat mdta- 
phfsique, on abstroit ; I'etat scientiEque, ou positit £n d'autres 
terities, I'esprit liumiiiji, par sa nature, emploie succesSLTemeiit dana 
chaciine de ses reuherebea troia m^thodcs de pbilosapber, doat le 
earactSre est ertsntiell&meiit diffei-ent et meme radicalement opposd ; 
d'abord la nii^tb'jde tbeologique, ensuite la lui^tbode nidtapbysique, et 
entin la nictbode positive. De \h^ trois sortes do pbilosopbie, on de 
BjatSmes gi/niiraus da conceptions Bur reasenible dea pWnomJinea qai 
i'exdtifnt imdueUemrKt ; la premiere est le point do depart nfeessaite de 
I'intelligence bumaine ; la troisiliiae, son 4tat fixe etddEaitifj la seconds 
est unique men t dcsliiiiSe a sorTir de transition." * 

Nothing can be more precise than these statementtj 

which may be put into the following propositions :— 

(a) '1 he human intellect is subjected to the law T 

' "Pbilosopbie Positive," i. pp. 8, 9. 
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an inviiriable necessity, -which is demonstrable, & priori, 
from the nature and constitution of the intellect; 
while, as a matter of historical fact, the human in- 
tellect has been subjected to the law. 

(?)) Every branch of human knowledge passes through 
the three states, necessarily beginning with the first 
ntage. 

^B- (c) The three states mutually exclude one another, 

^B|eing essentially different, and even radically opposed. 

^H Two questions present themselves. Is M. Comte 

^Honsistent with himself in making these assertions 1 

^*And is he consistent with fact ? I reply to both 

questions in the negative ; and, as regards the first, 

I bring forward as iny witness a remarkable passage 

which is to be found in the fourth volume of the 

"Philosophie Positive" (p. 491), when M. Comte had 

had time to think out, a little more fully, the notions 

crudely stated in the first volume : — 

" A proprement parlcr, la pliilosopWe thdologiq^e, nifma dans notre 
premiere onl'ance, intlividuella on sociale, n'a jamais pu Stre rigoureus©- 
meafc untverseUe, c'est-ii-dire qiiu, pour lea oidi'ea quelconques de 
h^nom^nes, lea /aiU Itt plits simples et lei plus communi out toujows 
$ regardh cvmme eis^Uiellement aseujetlit k del loit natvrellei, ati lien 
Vtire attribuls d Parhitraire volontB des agents tumaturelt. I'lllustre 
Adam Smith a, par esemple, trea-heurcusement remarqnii dans sea 
e.»%&\3 pbilosophiquos, qu'on ne trouvait^ on ancun temps ni en aucun 
payB, un dieu pour la poaantctir. 11 en eat atnti, en, genera!, mBme e\ 
Vegard d«s sujeU lea plus compliguet, enver» tout lea p/ieiiomenei aeeez 
elimentairfg tt asset familiera -pour que la par/aiCe invariabilite de 
Uurg rduiiona effectivea ait toujmirt dd frapper apontanemmi PobKr- 
vatettr U mains prSpari, Dana I'ordre moral et social, qu'une vaine 
opposition voudrait aujourd'hni syst^matiquemcut interdtre k la phi- 
loGopbie positive, il y a eu ni^cessairement, en tout temps, la pena^o 
tlc3S loia tmtnrelles, relativement aux plus simples ph^nom^nos de la 
Tie joumaiiore, comme I'exige dvidemment la conduite gdnijrale da 
itotre existence ruelle, individuelle ou sociale, qui n'aurait pa jamala 
comjKirtoi Dueuiio pnivoyance quelconque, si tons lea ph^uom^nea 
hiimains avaient eli rigoureueement attributjs k des agents suriiatUKl!', 
puisquo d^a lor? la pi'i^ie auroiC logiquement constitue l& «e.u^ ^«k> 
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■omce ima^nable pour isflucT em le coure habttuel dea actiona 
humainea. On doit mime reTTUH-quer, & ee lujtt, que c'est, ati eotitraire, 
Cehaudie ii}Mflatiee del premieres hit natvreltes propres aux aiies mdi- 
vidueh oil tociaitx ipti, JiaivemtiU transportee i tniu lapltenomenet du 
moKdeexterirur,ad'ah<mif(mrtii,d!aprisnosexplieatunupreeedentes,le- 
wai prineipe fotidamejital de laphilosophie thSoloffique, Aind, le germe 
lilemeniaire de la philoiophit potitive est eertainement foot atuei primitij 
ail foud que eelui de la philosophie theologiqae eUe-nUme, qtioi qu'il n'ait 
jm le d&oelopper que heaucoup plus tard. Une telle notion importe 
extrSmement !t la parfaito rationalite de notre theorie eociologique, puia- 
qao 1ft vie iiuinalne ne ponvant jamaia offrir aucune veritable creation 
quelconqne, iiiaia toujoura une eimple Evolution graduelle, I'essor final 
de I'esprit poaitif dcviendrait Bcientifiquement incomprehensible, sij 
d^ I'origine^ on n'en concevait, it tons dgarda, lea prcmiera rudiiuontii 
n^ceasairea. Depuia cette eituation primitive, k meeure qne nos 
oljservationa Be aont Bpontanement ^tendues et gdneraliseea, cet cssor, 
d'alxird il peine appreciable, a constamment auivi, sana cesser long- 
tempa d'etre Biibaltenie, une prOf,Tcsaion ties-Icnte, mais continue,la 
philoBopLie tlidoloijique restant toujours r^serviie pour lea pLtinonifenes, 
de nioina en nioina nombreuic, dont lea loia natiirelles ne pouvaient 
encore Stre aucunement ci 



Compare the propositions implicitly laid down liere 

■with those contained in the earlier volume, (a) Aa 

a, matter of fact, the human intellect has not been 

invariably subjected to tlie law of the three states, 

and therefore the necessity of the law cannot be 

demonstrable d priori, (b) Much of our knowledge 

of all kinds hii3 not passed through the tliree states, 

and more particiilai'ly, as M, Comte is careful to point 

out, not ttrough the firtt (c) The positive state has 

more or less co-existed with the theological, from the 

I dawn of human intelligence. And, by way of com- 

I pleting the series of contradictions, the assertion that 

the three states are "essentially diiferent and even 

radically opposed," is met a little lower on the same 

page by the declaration that " the metaphysical state 

_ is, at bottom, nothing but a simple general modification 

H of the firpt ;" while, in the fortieth Legon, as also in the 

^1 ipteresting early essay entitled " Considdrations philo- 
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sophiqucs sur lea Sciences et lc3 Savants (1825)," tte 
three states are practically reduced to two, " Le \6t:i- 
table esprit gtSndral de toute pLilosopkic theologique 
ou metapbjsique consiste h. prendre pour principe, dans 
J'explication des ph^nomfenes du mondo ext^iieur, notre 
sentiment imni6diat des ph^nomenes humaines ; tandia 
que au contraire, la philosophic positive est toujoura 
caraetdris^e, non moins profondement, par la subordina- 
tion ndcessaire et ratiounelle de la conception de I'liomme 
il celle du monde." ^ 

I leave M. Conite's disciples to settle which of these 
contradictory statements expresses their master's real 
meaning. AU I beg leave to remark is, that men of 
Bcience are not in the habit of paying much attention 
to " laws " stated in this fashion. 
^M The second statement is undoubtedly far more rational 
^Eesd consistent with fact than the first ; but I cannot 
^ think it is a just or adequate account of the growth 
of intelligence, either in the individual man, or in the 
human species. Any one who wiU carefully watch the 
development of the intellect of a child will perceive 
that, from the first, ita mind is mirroring nature in two 
diflferent ways. On the one hand, it is mcraly drinking 
in sensations and building up associations, while it forms 
conceptions of things and their relations which are more 
thoroughly " positive," or devoid of entanglement with 
hypotheses of any kind, than they will ever be in after- 
life. No child has recourse to imaginary personifications 
in order to account for the ordinary properties of objects 
which are not alive, or do not represent living things. It 
does not imagine that the taste of sugar is brought about 
by a god of sweetness, or that a spirit of jumping causes 
a ball to bound. Such phsenoraena, which fonn the baeia 
of a very large part of its ideas, are taken as matten i 
' "Philosophie PoEitive," iiL p 168. 
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H of course — a3 ultimate facta whict suggest no difficulty 

^B and need no explanation . So far as all these common, 

" thougli important, phenomena are concerned, the child's 

mind is in what M. Comte would call the "positive" 

state. 

But, aide by side with this mental condition, there rises 
another. The child becomes aware of itself as a source 
of action and a subject of passion and of thought. The 
acts which follow upon its own desires are among the 
most interesting and prominent of surrounding occur- 
rences ; and these acta, again, plainly arise either out of 
affections caused by surrounding things or of other 
changes in itseli Among these surrounding things, the 
most interesting and important are mother and father, 
brethren and nurses. The hypothesis that these won- 
derful creatures are of like nature to itself is speedily 
forced upon the child's mind ; and this primitive piece 

*of anthropomorphism turns out to be a highly successful 
Bpeculation, which £nds its justification at everj' turn. 
No wonder, then, that it is extended to other similarly 
interesting objects which are not too unlike these — to 
the dog, the cat, and the canary, the doll, the toy, and 
the picture-book — that these are endowed with wills and 
affections, and with capacities for being " good " and 
" naughty." But surely it would be a mere perversion of 
language to call this a "theological" state of mind, either 
in the proper sense of the word " theological," or as con- 
trasted with " scientific " or " positive." The child does 
not worship either father or mother, dog or doll. On 
the contrary, nothing is more curious than the absolute 
irrevercnee, if I may so say, of a kindly-treated young 
child ; its tendency to believe in itself as the centre 
I of the universe, and its disposition to exercise despotic 
1 tyranny over those who could crush it with a finger. 
Still less is there anything unscientific, or anti-scientific. 
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in this infantile anthropomorpliism. The cliild observes 
that mnny phenomena are the consequences of affections 
of itself; it soon has excellent reasons for the belief 
that many other phaenomena are consequences of the 
afiections of other beings, more or less like itself. And 
having thus good evidence for believing that many of 
the most interesting occurrences about it are explicable 
on the hypothesis that they are the work of intelligences 
like itself — having discovered a vera causa for many 
phcenomena — why should the child limit the appUcation 
of Bo fruitful an hypothesis ? The dog has a sort of 
inteUigence, so as the cat ; why should not the doll 
and the picture-book also have a share, proportioned j 
to their likeness to intelligent things ? ' 

The only limit which does arise is exactly that which, 
as a matter of science, should arise ; that is to say, the 
anthropomorphic interpretation is applied only to those 
phEenomena which, in their general nature, or their 
apparent capriciousness, resemble those which the child 
observes to be caused by itself, or by beings like itself. 
All the rest are regarded as things which explain them- 
selves, or are inexplicable. 

It is only at a later stage of intellectual development 
that the intelligence of man awakes to the apparent 
conflict between the anthropomorphic, and what I may 
call the ]iliysical,^ aspect of nature, and either endeavours 
to extend the anthropomorphic view over the whole of 
nature — which is the tendency of theology ; or to give J 
the Bame exclusive predominance to the physical view — ' 

* The word "positive" is in every uny objectionable. In one sense it 
m^ests that mental quality which was undoubtedly largely developed in 
M. Comte, but can bett be dispensed with in n philosopher ; m another, it is 
unfortunate in its application to a system which starta with enomioos nej 
tlons ; in its third, and Bpecially philosophical sense, iM implying a system 
thought which assumes nothijig beyond the content of observed iuM, it 1 
jnpUei that which aever did exijit, and never wlU. 
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which is the tendency of science ; or adopts a middle 
1 course, and taking from the anthropomorphic view ita 
tendency to personify, and fi-om the physical view its 
tendency to exclude volition and affection, ends in what 
M. Comte calls the "metaphysical" state — "mctaphy- 
Bical," in il. Comte'a writings, being a general term of 
abuse for anything he does not like. 

What is true of the individual is, mutatis mutandis, 
true of the intellectual development of the spcdea. It 
is absurd to say of men in a state of primitive savagery, 
that all their conceptions are in a theological state. 
Nine-tenths of them are eminently realistic, and as 
"positive" as ignorance and narrowness can make them. 
It no more ocelli's to a savage than it does to a child, 
to ask the why of the daOy and ordinary occurrences 
which form the greater part of his mental life. But 
in regard to the more striking, or out-of-the-way, events, 
which force him to speculate, he is highly anthropo- 
morphic ; and, as compared with a child, his anthropo- 
morphism is complicated by the intense impression 
which the death of hia own kind makes upon him, 
as indeed it well may. The warrior, full of ferocious 
energy,, perhaps the despotic chief of his tribe, is 
suddenly struck down. A child may insult the man 
a moment before so awful ; a fly rests, undisturbed, on 
the lips from which undisputed command issued. And 
yet the bodily aspect of the man seems hardly more 
altered than when he slept, and, sleeping, seemed to 
himself to leave hia body and wander through dream- 
land. What then if that sometliing, which ia the essence 
of the man, has really been made to wander by the 
violence done to it, and is unable, or has forgotten, 
to come back to its shell? Will it not retain some- 
what of the powers it possessed during life ? May 
it not help us if it be pleased, or (as seems to be 
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Ly far tlic more general imprcssirm) hurt us if it be 
angered ? Will it not bo well to do towards it those 
things wliieh would hare soothed the man and put 
him in good humour duricg Ms life? It is impossible 
to study trustworthy accounts of savage thought with- 
out seeing that some such train of ideas as this lies at 
the bottom of their speculative beliefs. 

There are savages without God, in any proper sense 
of the word, but none without gliosts, And the Fetish- 
ism, Ancestor- worship. Hero-worship, and Demonology 
of primitive savages, are all, I believe, different manners 
of expression of their belief in ghosts, and of the 
anthropomorphic interpretation of out-of-the-way events, 
which is its eoncomitant. ^Vitchc^aft and sorcery are 
the practie;il expressions of these beliefs ; and they 
stand in the same relation to religious worship as the 
Bimple anthropomorphism of ehildi'en, or savages, does 
to theology. 

In the progress of the species from savagery to 
r.dvaneed civilization, anthropomdrphism grows into 
theology, while physicism (if I may so call it) develops 
into science ; but the development of the two is con- 
temporaneous, not successive. For each, there long 
E exists an assured province which is not invaded by 
ie other ; while, between the two, lies a debateable land, 
lied by a sort of bastards, who owe their complexion 
I physicism and their substance to anthropomorphism, 
and are 31. Comte's particular aversions — metaphysical 
entif^cs. 

But, as the ages lengthen, the hordoi-s of Physicism 
iucrcasc. The territories of the bastards are all annexed 
to science ; and even Theology, in her purer forms, 

Ibas ceased to be anthropomorphic, however she may 
|taJk, Anthropomorphism has taken stand in its last 
loitress — man himsclt But eeience closi-Oy invests the 
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walls ; ami Philosopher gird themselves for battle 

Lipoii the l;ist and greatest of all speculative problems — 
Does humaQ nature possess any free, rolitional, or truly 
anthropomorphic element, or is it only the cuDningest 
of all Nature's clocks ? Some, among whom I count 
myself, think that the battle will for ever remain a 
drawn one, and that, for all practical purposes, this reaull 
is as good as anthropomorphasm winning the day. 

The classification of the sciences, which, in the eyee. 
of JI. Comte's adherents, constitutes his second great 
c!aim to the dignity of a scientific philosopher, appears 
to me to be open to just the same objections as the 
law of the three states. It is inconsistent in itself, and 
it is inconsistent with fact. Let us consider the main 
points of this classification successively ; — 

" II fant distingaeT par lappnrt it tous lea ordrcs des phi^nomfenes, 
deui genres de sciences naturelles ; Ibb unea abstraites, generales, ont 
pour objet la dtcouverte dea Inig qui regisaent les diveraea classea de 
plicnom^nea, en considorant toua lea cas qu'on peut conoevoir; les 
autres concrttea, particulifejcs, descripUves, et qu'on dcsigne qaelquefoia 
sous le nora dea sciences natntellea proprement dites, consistent dans 
I'application de ces lois k I'liistoire effective dea diffcrenta fitrea. 
existants." ' 

The " abstract* sciences arc subsequently said to 
mathematics, astronomy, physics, chemistry, physiology^ 
and social physics — the titles of the two latter bein) 
subsequently changed to biology and sociology. 
Comte exemplifies the distinction between his abstract! 
and his concrete sciences as follows :-^ 

" On ponrra d'jibord I'apercevoir tres-nettemont en comparant, d' 
part, la phyaiologie generale, et d'une autre part la zooloRie et b 
hotaniquo proprement ditea, Ce eont dvidemraent, en etfet, deux 
Irnvaux d'un caractire fort distinct, que d'etudier, en general, les loia 
de U vie, on de determiner le mode d'exietence de chaque corps vivant, 
en particulier. CeCte seconde itvde, en outre, est n&:es»airemcnt JoadH . 
fuc la pretnUre," — P, 67. 

* " PliUo3o:jliie Positive," I p. 53 
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All the unreality and mere bookisbness of M, Comte'a 
knowledge of physical science comes out in the passage 
I have italicised. " The special study of living beings 
13 based upon a general study of the laws of life 1" 
What little I know about the matter leads me to think 
that, if M. Corate had possessed the slightest practical 
acquaintance with biological science, he would have 
turned Ilia phraseology upside down, and have perceived 
that we can have no knowledge of the general laws 
of life, except that which is based upon tbe study of 
particular li\'iDg beings. 

The illustration is surely unluckily chosen ; but the 
language in which these so-called abstract sciences are 
defined seems to me to be still more open to criticism. 
With what propriety can astronomy, or physics, or 
chemistry, or biology, be said to occupy themselves 
with the consideration of " all conceivable cases" which 
fall "within their respective provinces ? Does the as- 
tronomer occupy himself with any other system of the 
universe than that which is visible to him ? Does he 
speculate upon the possible movements of bodies which 
may attract one another in the inverse proportion of the 
cube of their distances, say ? Does biology, ■whether 
" abstract" or "concrete," occupy itself with any other 
form of life than those which exist, or have existed ? 
And, if the abstract sciences embrace all conceivable 
cases of the operation of the laws with which they 
are concerned, would not they, necessarily, embrace the 
subjects of the concrete sciences, which, inasmuch as 
they exist, must needs be conceivable ? In fact, no such 
distinction as that which M. Comte draws is tenable. 
ITie first stage of his classification breaks by its own 
weight. 

But granting M. Comte his six abstract sciences, he 
proceeds to arrange them according to what he calla 
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their natuntl orrlor or hiorarcliy, th ir places in tlila 
hierarchy beiirj determined by the degree of generality 
and simplicity of the conceptions with which they 
deaL Hathematics occupies the first, astronomy the 
second, physics the third, chemistry the fourth, biology 
the fifth, and sociology the sixth and last place in tlwi, 
series. M. Comte'a argnimenta in favour of this cl 
fication are first— 

"Sa conformita es-wrti'lle nvec la etwirdination, en qiirlqna sorte 
spontanee, qui se tronvo en effet imjilicitement admiae par les savanta 
Urrea ^ I'ctuJe dua diveisd branches da la pliilosoplila naturello." 

But I absolutely deny tlie existence of this conformity. 
If there ia one thing clear about the progress of modern 
science, it is the tendency to reduce all scientific 
problems, except those which are purely mathematical, 
to questions of molecular physics — that is to say, to 
the attractions, repulsions, motions, and co-ordination 
of the ultimate particles of matter. Social phcenomena 
are the result of the im-eraction of the components of 
Bociety, or men, with one another and the surrounding 
universe. But, hi the language of physical science, 
which, uy the nature of the case, is materialistic, the 
actions of men, so far as they are recognisable by 
Bciencti, are the results of molecular changes in the 
ma-ter of which they are composed ; and, in tho long 
run, these must come into the bands of the physiciaL 
A fortiori, tho phaanomona of biology and of chemistry 
are, in their ultimate analysis, questions of molecular 
physics. Indeed, the fact is aclcnowl edged by all 
chemists and biologists who look beyond their imme- 
diate occupations. And it is to be observed, that tho 
phsenomena of biology are as directly and immediately con- 
nected with molecular physics as are those of chemistry, 
llolar physics, chemistry, and biology axa not three 
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successive stops in the ladtler of Ituowlcclgc, as M. 
Comte- would have us believe, Ijut three branches 
springing from the common stem of molecular physics. 

As to astronomy, I am at a loss to understand how 
any one who will give a moment's attention to the 
Qature of the science can fail to see that it consists of 
two pails ; fii'st, of a description of the phenomena, 
which is as much entitled as descriptive zoology, or 
botany, is, to the name of natural history ; and, secondly, 
of an explanation of the pha;nomcna, furnished by the 
laws of a force — gi'avitation — the study of which is as 
much a part of physics, as is that of heat, or electricity. 
It would be just as rcasonahle to make the study of 
the heat of the sun a science preliminary to the rest 
i-pf thermotics, as to place the study of the attraction of 
'he bodies, which compose the universe in general, 

efore that of the particular terrestrial bodies, which 

Jone we can experimentally know. Astronomy, in fact, 
pwes its perfection to the circumstance that it is the 

' ily branch of natural history, the phaenomena of which 
« largely expressible by mathematical conceptions, 
and which can be, to a great extent, explained by the 
application of very simple physical laws. 

With regard to mathematica, it is to be observed, in 
the first place, that M. Comte mixes up under that 
head the pure relations of space and of quantity, which 
are properly included under the name, with rational 
mechanics and statics, which are mathematical deve- 
lopments of the most general conceptions of physics, 
namely, the notions of force and of motion. Relegating 
these to their proper place in physics, we have left pure 
mathematics, which can stand neither at the Lead, nor 
at the tail, of any hierarchy of the sciences, since, like 
tbgic, it is equally related to all; though the enormous 

Eietical ditHculty of applying mathematics to the more 
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r,ompIcx pbainomena of nature removes them, for tlie 

present, out of its sphere. 

On this subject of mathematics, again, 5L Comto 
indulges in assertions which can only be accounted for 
by his total ignorance of physical science practically, 
Ab for example :— 

"C'est done par I'eluile dea malLetnatifjiies, et seulement par elh, 
qae I'on peut se taire uae idOe juste et approfoudie de ce que c'est 
(lu'une sciewe. C'eat Ik nni'fuement qu'on doit chercher k connaltro 
avec precision la mCOiode generale que Cesprit humain fmploie constam- 
ment dam tauta ks ncherchet positives, parce qne nulle part aillenw 
lea questioDB ne sont rdBolues q'nne jnaniijre aussi eomplite et les 
deductions prolongeea aussi loin avec nne Beverite rigonreuae. C'est 
Ih ^galement que notre entendenient a donne les plus gnmdes pteiives 
de sa force, parce qne les idces qu'il y considers sont du plus La.ut 
degri d'abalriiclion poeaible dans I'ordre poaitif. Toitte education 
udentifigue qui ne eormneiice point par une Ulie itude pSche dune nicta- 
lairementpar ta base."^ 

That is to say, the only study which can confer "a just 
and comprehensive idea of what is meant by science," 
and, at the same time, furnish an exact eoneeption of 
the general method of scientific investigation, ia that 
which knows nothing of observation, nothing of experi- 
ment, nothing of induction, nothing of causation I And 
education, the whole secret of which consists in proceed- 
ing from the easy to the difficult, the concrete to the 
abstract, ought to be turned the other way, and pass 
&om the abstract to the concrete. 

M. Corate puts a second argument in favour of hia 
hierarchy of the sciences thus ; — 

" Un second caractfere trfes-essentiol de nutre clasaification, (?est 
d'fitre nuiiPEsaivement tonfornio k I'ordre elfectif du d^veloppemeat de 
la philoBophie naturelle. C'est ce qne Tovifie tout ce qu'on salt do 
' I'histoire des sciences." * 

But Mr. Spencer lias so thurougbly and completely 
^L demonstrated the absence of any correspondence betwei 
^^ ' "PWloBoplile Positive," i. p. 03, ' Ibid., i. p. 77, 
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the liistorical development of the sciences, and tht-ir 
position in the Comtean hierarchy, in his essay on the 
"Genesis of Science/' that 1 shall not waste time in 
repeating his refutation, 

A third proposition in support of the Comtean classi- 
fication of the sciences stands as follows: — 

"Iki trniaiime liea cette classification priiaento la propriulo tris- 
remarquable de marquer exactetnent la perfection reJative dea ditfe- 
rentea Bcieticea, laqnelle consiste esaeutielletnent dona lo dc({re de 
.pricision des conuaiasoacea et dua? leur co-ordinatiou plus ou moiiia 
Intiiiie.'' ^ 

I am quite unable to understand the distinction which 
M. Comte endeavoui's to draw in this passage in spite 
of his amplifications further on. Every science must 
consist of precise knowledge, and that knowledge must 
bo co-ordinated into general proportions, or it is not 
science. When M. Comte, in exemplification of the 
statement I have cited, eaya that "les phenombnes 
organiques ne comportent qu'une ^tude h, la fois moins 
exacte et moins syst^matique que lea pbi^nomEsnes des 
corps hruts," I am at a loss to comprehend what he 
means. If I affirm that "when a motor nerve is irri- 
tated, the muscle connected with it becomes simultane- 
ously shorter and thicker, without changing its volume," 
it appears to me that the st:itemsnt is as precise or exact 
(and not merely as true) as that of the physicist who 
should say, that "when a piece of iron is heated, it 
l)ecomes simultaneously longer and thicker and increases 
in volume ;" nor can I discover any difiercnee, in point 
of precision, between the statement of the morphological 
law that "animals which suckle their young have two 
occipital condyles," and the enunciation of the physical 
law that "water subjected to electrolysis is replaced by 
"in equal weight of the gases, oxygen and hydrogen.' 
* "Philosophie Positive," L p. 78 




%70 



LIT SERMOSS, ADDSESSES, Ai'D EEFIEWS. 



[VI 



As for anatomical or physiological investigation being 
iea3 "systematic" than that of the physicist or chemist, 
the assertion is simply unaccountable. The methods of 
physicil science are everywhere the same in principle, 
and thu physiological investigator who was not "sys- 
tematic " would, on the whole, break down rather sooner 
than the inquirer iiito simpler subjects. 

Thu3 IL Comte'a classidcation of the sciences, under.j 
all its aspects, appears to me to be a complete failure,: 
It is impossible, in an article whii:h is already too lonj 
to inquire how it may be replaced by a better ; and it 
the less necessary to do so, as a second edition of Mr." 
Spencer's remarkable essay on this subject has just been 
published. After wading through pa<ies of the long- 
winded confusion and second-band inf imation of the 
"Philosophie Positive," at the risk of a crise cirebrah — 
it is as good as a shower-bath to turn to the "Classi- 
fication of the Sciences," and refresh oneself with Mr. 
Spencer's profound thought, precise knowledge, and clear 
language. 

U. The second proposition to which I have conmiitted 
inyaelf," in the paper to which I have been obliged to 
ceferso often, is, that the "Positive Philosophy" contains 
'' a great deal which is as thoroughly antagonistic to the 
very essence of science as is anything in ultramontane 
Catholicism." 

What I refer to in these words, is, on the one hand 
the dogmatism and narrowness which so often mark 
M. Conite's discussion of doctrines which he does not 
like, and reduce his expressions of opinion to mere 
passionate puerilities; as, for example, when he is 
;irguing ngainst the assumption of an ether, or when 
lie ia talking (1 cannot call it arguing) against pyscho- 
higy, or political economy. On the other hand, I allud^. 
to the Bpirit of meddling systcmatization and regulation ' 
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whicli animntcs even the " Philoscpliio Positive," and 
breaks out, in the latter volumes of that work, into no 
uncertain foreshadowing of the anii-scientific monstro- 
sities of Comte's later writinf^s. 

Those who try to draw a line of demarcation between 
the Bpiiit of the *' Philosophie Positive," and that of 
the "Politique" and its successors, (if I may express 
an opinion from iragmcntary knowledge of these last,) 
must have overlooked, or forgotten, what Comtc himself 
Libonrs to show, and indeed succeeds in proving, in 
the "Appendice General" of the "Politique Positive.*" 
"D^3 mon ddbiit," he writts, "je tentai de fonder le 
Douvean pouvoir epirituel que j'institue aujourd'huL" 
•'lla politique, loin d'etre aucunemeiit opposee h ma 
philosophic, en constitue tellement la suite naturelle 
que celle-ci fut direetemeLt institui^e pour Fcrvir dc base 
i. cclle-l^ eomme le prouve cet appendice."^ 

This 13 quite true. la the remarkable essay entitled 
Considerations eur le Pouvoir spmtuel," published in 
March 1S26, Coratc advocates the establishment of a 
" modem spiritual power," which, he anticipates, may 
exercise an even greater influence over temporal affairs, 
than did the Catholic clergy, at the height o£ their 
vigour and independence, in the twelfth century. This 
spiritual power is, in fact, to govern opinion, and to 
have the supreme control over education, in each 
nation of the West ; and the sjiiiitual powers of the 
several European peoples are to be associated together 
and placed under a common dii-cction or " soaverainet(5 
BpiritueUe." 

A system of "Catholicism minus Cliristianity " was 

therefore completely organized in Comte's mind, four 

vcar^ before the first volume of the " PbOosophio 

I'ocitivc" was written; and, naturally, the papal epirit 

> Lot, cIL, Pi^^ikca £p>kklo, f p> i ii 
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stows itself in tliat work, not only in the ways 1 
have ah'eady mentioned, but) notably, in the attack 
on liberty of conscience which breaks out in the fourth 
volume ; — 



" n n'y a poiiit de liberte de conscience en ostronomie, en pTiyBique, \ 
en chimie, en ]?hyBiologIe mSme, en ce sens quo cbacun trouveroUfl 
abaurde de ne pns croire do contiance aux prioeipes ^taLlis dans 1 
sciences piir lea homuies computents," 



"Nothing in ultramontane Catholicism" can, in mj 
judgment, be more completely saccrdotiil, more entirel; 
anti-Bcientific, than this dictum. All the great steps 
the advancement of science have been made by ji 
those men who have not hesitated to doubt the " prin- 
ciples established in the sciences by competent persons ; '' 
and the great teaching of science— the great use of it as 
an instrument of mental discipline — is its constant incul- 
cation of the maxim, that the sole ground on which any. 

statement has a right to be believed is the imp ' 

of refuting it. 

Thus, without travelling beyond the limits of the 
" Philosophic Positive," we find its author contempla- 
ting the establishment of a system of society, in which 
an organized spiritual power shall over-ride and direct 
tlie temporal power, as completely as the Innocents and 
Gregorys tried to govern Europe in the middle ages ; and 
repudiating the exercise of liberty of conscience against 
the "hotames compStents," of whom, by the assump- 
tion, the new priesthood would be composed. Was 
Mr. Congreve as forgetful of this, as he seems to have 
been of some other parts of the " Philosophic Positive," 
when he wrote, that "in any limited, careful use of 
the term, no candid man could say that the Positive 
Philcsophy contained a great deal as thoroughly antOf 
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gonistic to [the very esscncG of^] science a,3 Catholi- 
cism"? 

M. Comte, it wiU have been observed, desires to retain 
the whole of Catholic organization ; and the logical 
practical result of this part of his doctrine would be 
the establishment of something corresponding with that 
eminently Catholic, but admittedly anti-scientific, insti- 
tution — the Holy Office. 

I hope I have said enough to show that I wrote the few 
lines 1 devoted to M. Comte and his philosophy, neither 
uBguardedly nor ignorantly, still less maliciously. I 
shall be sorry if "what I have now added, in my own 
justification, should lead any to supdose that I think 
M. Comte's worlds worthless ; or that I do not heartily 
respect, and sympathise with, those who have been im- 
pelled by him to think deeply upon eocial problems, 
and to strive nobly for social regeneration. It is the 
virtue of that impulse, I befieve, which will save 
the name and fame of Auguste Comte from oblivion. 
As for his philosophy, I part with it by quoting 
Ilia own words, reported to me by a quondam Comtist, 

■vr an eminent member of the Institute of France, 
U. Charles Eobin:— 

"LaPhilosophieeat u no tentative inccssaute Je I'espritliumain pour 
arriver on repos ; maia elle se trouve iiiceBsamneat auaai derangfie pat 
kB progria conlinns de la science. De Ik vient pout le philoaoplie 
I'obligation de refairo chaqae soir la syntliise de sea conceptions ; et 
QQ join Tieudra oil I'liomme loiaounable ne feru plus d'autro pri^ro 
lu soir." 

* Mr. Congrcve leaves out these unportantiroida, irhich bIidw tlul.IiefoL 
Lto Hw t^itit, aiid not to the details of ECieooe. 
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IX. 
ON A PIECE OF CHALK. 

A LECTUEE TO WOKKnTa ME>T, 
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Ip a well were to te sunlc at our feet ia t'jc miJsfc of 
die cily of Norwlcb, the diggers would very soon find 
themselves at work in that white substance almost too 
Boft to be called roct, with which we are all familiar as 
" chalk." 

Not only here, but over the whole county of Norfolk, 
the well-sinker might carry his shaft down many hundred 
feet without coming to the end of the chalk ; and, on 
the Bca-coast, where the waves have pared away the 
face of the land whicli breasts them, the scarped faces 
of the high cliffa are often wholly formed of the same 
material. Northward, the chalk may ba followed as far 
as Yorkshire ; on the south coast it appears abruptly 
in the picturcsr^ue west embays of Dorset, and breaks 
into the Needles of the Isle of "Wiglit ; while on the 
shores of Kent it supplies that long line of white cliffs 
to which England owes her name of Albion, 

"Were the thin soil which covers it all washed away, 
a curved band of white chalk, here broader, and there 
narrower, might be followed diagonally across England 
from Lulworth in Dorset, to Flamborough Head 
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Yorkshire — a distance of over 280 miles as the eroi 
flies. 

From this band to the North Sea, on the east, and the 
Channel, on the south, the chalk is largely bidden by- 
other deposits ; but, except in the Weald of Kent and 
Susses, it enters into the very foundation of all the 
Bouth-eastern counties. 

Attaining, as it does in some places, a tbickness of 
more tbsm a thousand feet, the English chalk must be 
admitted to be a mass of considerable magnitude. 
Nevertheless, it covers but an insignificant portion of 
the whole area occupied by the chalk formation of the 
Iflobe, which baa precisely the same general characters 
^VR ours, and is found in detached patches, some less, 
and others more extensive, than the English. 

Chalk occurs in north-west Ireland ; it stretches over 
a large pai't of France, — the chalk which underlies Paris 
being, in fact, a continuation of that of the London 
basin ; it runs through Denmark and Central Europe, and 
extends southward to North Africa ; while eastward, it 
appears in the Crimea and in Syria, and may be traced 
as far as the shores of the Sea of Aral, in Central Asia. 

If all the points at which true chalk occurs were 
circumscribed, they would lie within an in-regular oval 
about 3,000 miles in long diameter — the area of which 
would be as great as that of Europe, and would many 
times exceed that of the largest existing inland sea — 
the McditeiTaneaii. 

Thus the chalk is no unimportant element in the 
masonry of the earth's crust, and it impresses a peculiar 
Btamp, varying with the conditions to which it ia 
exposed, (in the scenery of the districts in which it 
.iXKiars. The undulating downs and rounded coombs, 

ivered with sweet-grassed turf, of our inland chalk 
SOuntry, have a peacefully domestic and mutton- 
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suggosting prettinesa, but can hardly be called either 
grand or beautifuL But on our southern coasts, the 
wall-sided cliffs, many hundred feet high, with vast 
needles and pinnacles standing out in the sea, sharp 
and aolit;iry enough to serve as perches for the wary 
cormorant, confer a wonderful beauty and grandeur 
upon the chaUt headlands. And, in the East, challi haa 
its share in the formation of some of the most venerable 
of mountain ranges, such aa the Lebanon. 

What is this wide-spread component of the surface c 
the earth ? and whence did it come ? 

You may think this no very hopeful inquiry. You 
may not unnaturally suppose that the attempt to solve 
such problems as these can lead to no result, save that 
of entangling the inquirer in vague speculations, in-j 
capable of refutation and of verification. 

If such were really the case, I should have selected^ 
eome other subject than a "piece of chalk" for my 
discourse. But, in truth, after much dehbcration, I 
have been unable to think of any topic which would bo 
well enable me to lead you to see how solid is the fouii-<f 
dation upon which some of the most startling conclusions J 
of physical science rest. I 

A great chapter of the history of the world is writteBr I 
in the chalk. Few passages in the history of man can^l 
be supported by such an overwhelming mass of direct 
and indirect evidence as that which testifies to the truth 
of the fragment of the history of the globe, which I hope 
to enable you to read, with your own eyes, to-night. 

Let me add, that few chapters of human history have 
a more profound significance for ourselves. 1 weigh 
my words well when I assert, that the man who should 
know the true history of the bit of chalk which every 
carpenter carries about in his bretches-pocket, though 
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ignoi-ant of all other liistoiy, is likely, if be will think 
his knowledge out to its ultimate results, to have a truer, 
and therefore a better, couceptiou of this wonderful 
universe, and of man's relation to it, than the most 
learned student who is deep-read in the records of 
hmnanity and ignorant of those of Nature. 

The language of the chalk is not hard to learn, not 
nearly so hard as Latin, if you only want to get at the 

^ broad features of the story it has to tell ; and I pro- 
j»ose that wc now set to work to spell that story out 
together. 
We aU know that if we " bum " chalk the result 
is quicklime. Chalk, in fact, is a compound of carbonic 
acid gas, and lime, and when you make it very hot the 

»carl3ouic acid flics away and the lime is left. 
By this method of procedure we sec the lime, but we 
■do not see the carbonic acid. If, on the other hand, you 
■were to powder a little chalk and drop it into a good 
de^ of strong vinegar, there would be a great bubbling 
and fizzing, and, finally, a clear liquid, in which no sign 

^of chalk would appear. Here you see the carbonic acid 
in the bubbles ; the lime, dissolved in the vinegar, 
vanishes from sight. There are a great many other 
ways of showing that chalk is essentially nothing but 
carbonic acid and quicklime. Chemists enunciate the 
result of all the experiments which prove this, by 

^ stating that chalk is almost wholly composed of " car- 
bonate of lime." 
It is desirable for us to start from the knowledge of 
tliis fact, though it may not seem to help us very far 
towards whit we seek. For carbonate of lime is a widely- 
spread substance, and is met with imder very various 
condition.'?. AU sorts of limestones are composed of 
more or less pure carbonate of lime. The crust which 
U often deposited by waters which have drained through 
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limestone rocks, in the form of wliat are called stalag- 
mites and stalactites, 13 carbonate of lime. Or, to taku 
a more familiar examnle, the fur ou the inside of a tea- 
kettle is carbonate of lime ; and. for anything chemistry 
tells us to the contrary, the chalk might be a kind of 
gigantic fur upon the bottom jf the earth-kettle, which 
is kept pretty hot below. 

Let U3 try another method of making the chalk tell 
ua its own hiatory. To the unassisted eye chalk looks 
eimply like a very loose and open kind of stone. But 
it is possible to grind a slice of chalk down so thin that 
you can see through it — until it is thin enough, in fact, 
to be examined with any magnifying power that may 
be thought de,^rable. A thin slice of the fur of a 
kettle might be made in the same way. If it were, 
examined microsco]5ically, it would show itself to 
a more or less distinctly laminated minora! substa] 
and nothing more. 

But the slice of chalk presents a totally differenc 
appearance when placed under the microscope. The 
general maFis of it is made up of very minute granules; 
but, imbedded in this matrix, are innumerable bodies, 
some smaller and some larger, but, on a rough average, 
not more than a hundredth of an inch in diameter, 
having a well-defined shape and structure. A cubic 
inch of some specimens of ebalk may contain hundreds 
of thousands of these bodies, compacted together with 
incalculable millions of the gi-anulcs. 

The jExamination of a transparent slice gives a goodi 
notion of the manner in which the components of the 
chalk are arranged, and of their relative proportions. 
But, by rubbing up some chalk with a brush in water 
and then pouring off the milky fluid, so as to obtain 
sediments of diti'erent degrees of fineness, the granulea. 
and the minute rounded boilics may be pretty wi 
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Bcpfirnted from one another, and submitted to miero- 

[fcopic examination, either aa opaque or as transparent 

objects. By combining the views obtained in these 

various methods, each of the rounded bodies may be 

proved to be a beautifully- constructed calcareous fabric, 

I made up of a number of chambers, communicating freely 

Hvith one another. The chambered bodies are of various 

K'lfbrms. One of the commonest is something like a 

I badly-grown raspberry, being formed of a number of 

nearly globular chambers of different sizes congregated 

together. It is called Glohigcrina, and some specimens 

of chalk consist of little else than Ghhigerinm and 

granules. 

Let U3 fis our attention upon the Glohigerina. It is 
the spoor of the game we are tracking. If we can leam 
what it is and what are the conditions of its existence, 
we shall see our way to the origin and past history of 
the chalk. 

A suggestion which may naturally enough present 
it^ielf is, that these curious bodies are the result of some 
process of aggregation which has taken place in the 
carbonate of lime ; that, just as in winter, the rime on 
our windows simulates the most delicate and elegantly 
arborescent foliage — proving that the mere mineral water 
may, under certain conditions, assume the outward form 
of organic bodies — so this mineral substance, carbonate 
of lime, hidden away in the bowels of the earth, has 
taken the shape of these chambered bodies. I am not 
nusing a merely fanciful and unreal objection. Very 
learned men, in former days, have even entertained tlie 
notion that all the formed things found in rocks arc of 
this nature ; and if no such conception is at present 
held to be admissible, it is because long and varied 
experience has now shown that mineral matter never 
Boes assume the form and structure we find in fossils. 
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If any one wore to try to persuade you that an oyster- 
shell (which 13 also chiefly composed of carbonate of 
lime) had crystallized out of 8ca-water, I suppose you 
would laugh at the absurdity. Your laughter would 
be justified by the fact that all experience tends to 
show that oyster-shells are formed by the agency of 
oysters, and in no other way. And if there were no 
better reasons, we should be justified, on like grounds, 
in believing that Glohigerina is not the product of any- 
thing but vital activit}-. 

Happily, however, better evidence in proof of the 
organic nature of the GlobigerincB than that of analogy 
is forthcoming. It so happens that calcareous skeletons, 
exactly similar to the GlobigerincB of the chalk, are 
being formed, at the present moment, by minute living 
creatures, which flourish in multitudes, literally more 
numerous than the sands of the sea-shore, over a large 
extent of that part of the earth's surface which is 
covered by the ocean. 

The history of the discovery of these living Globi- 
gerincE, and of the part which they play in rock 
building, is singular enough. It is a discovery which, 
like others of no less scientific importance, has arisen, 
incidentally, out of work devoted to very different and 
exceedingly practical interests. 

"When men first took to the sea, they speedily learned 
to look out for shoals and rocks; and the more the 
burthen of their ships increased, the more imperatively 
necessary it became for sailors to ascertain with precision 
the depth of the waters they traversed. Out of this 
necessity grow the use of the lead and sounding line ; 
and, ultimately, marine-surveying, which is the recording 
of the form of coasts and of the depth of the sea, aa 
ascertained by the sounding-lead, upon charts. 

At the same time, it became desirable to ascertain 
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and to indicate the nature of the sea-bottom, since thia 
circumstance greatly afTccta ita goodness as holding 

f round for anchors. Some ingenious tar, whose name 
eserves a better fate than the oblivion into which it 
has falfcn, attained this object by " arming " the bottom 
^m of the lead with a lump of grease, to which more or less 
^■.'of the sand or mud, or broken shells, as the case might 
^H bo, adhered, and was brought to the surface. But, 
^Kliowcver well adapted such an apparatus might be for 
^Brough nautical purposes, scientific accuracy could not be 
^^fcexpectcd from the armed lead, and to remedy its defects 
^•■{especially when applied to sounding in great depths) 
Lieut. Brooke, of the American Navy, some years ago 
invented a most ingenious machine, by which a consider- 
able portion of the superficial layer of the sea-bottom 
can- be scooped out and brought up, from any depth to 
which the lead descends, 
^v In 1 853, Lieut. Brooke obtained mud from the bottom 
^h^ the Noith Atlantic, between Newfoundland and the 
^Huzores, at a depth of more than 10,000 feet, or two 
^"iniles, by the help of this sounding apparatus. The- 
epeeimens were sent for examination to Ehrenbcrg of 
Berlin, and to Bailey of West Point, and those able 
microscopists found that this deep-sea mud wa.'? 
almost entirely composed of the skeletons of fiving 
organisms — the greater proportion of these being just 
like the GlohigerincB already known to occur in the 
chalk. 

Thus far, the work had been carried on simply in the 
interests of science, but Lieut. Brooke's method of sound- 
hiCT acquii-ed a high commercial value, when the enter- 
prise of laying down the telegraph-cable between this 
^country and the United States was undertaken. For 
it became a matter of immense importance to know, 
bpt only the depth of the sea over the whole line along 
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which the cable wa3 to be laid, but the exact nature of 
the bottom, so as to guard against chances of cutting or 
fraying the strantls of that costly rope. The Admiralty 
consequently ordered Captain Dayman, an old friend and 
Bhipmate of mine, to ascertain the depth over the whole 
line of the cable, and to bring back specimens of the 
bottom. In former days, such a command as this might 
have sounded veiy much like one of the impossible things 
which the young prince in the Fairy Tales is ordered to 
do before he can obtain the hand of the Princess, How- 
ever, in the months of June and July 1857, my friend 
performed the task assigned to him with great expedition 
and precision, without, so far aa I know, having met with 
any reward of that kind. The specimens of Atlantic 
mud which be procured were sent to me to be esamined 
and reported upon.^ 

The result of all these operations is, that we know the 
contours and the nature of the surface-soil covered by 
the North Atlantic, for a distance of .1,700 miles from 
cast to west, as well as we know tliat of any part of 
the diy land. 

It is a prodigious pl^in — one of the widest and most 
even plains in the world. If the sea were drained off, 
you might drive a w.igou all the way from Valcntia, on 
tlie west coast of Ireland, to Trinity Bay, in Newfound- 
laud. And, except upon one sbai-p incline about 200 
miles from Valentia, I am not quite sure that it would 
flven be necessary to put the skid on, so gentle are the 
ascents and descents upon that long route. From Valentia 

• See Appendix to Captain Daymiin'a "Peep-iea Soundinga in the North 
I Atluitio Ocean, between Ireland and Newfoundland, made in ILM.S. 
I Oydmi, Pablished by order of the Lords Ckuntaissioners of the Admiralty, 
I .I8G8. They huve *ince fanned the subject of an elaborate Memoir by 
L Hewink PukeT nail June*, published in the PhUompKital TTuntactiom bu 
IU6^ 
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the road would lie down-hill for abo-ut 200 milea to tte 
point at whi(;Ii the bottom a now covered by 1,700 
fathoms of sca-watcr. Then would come the central 
plain, more than a thousand miles wide, the iuequalitios 
of the surface of which would be hardly perceptible, 
though the depth of water upon it now varies from 
10,000 to 15,000 feet; and there are places in which 
Mont Blanc might be sunk without showing its peak 
above water. Beyond this, the ascent on the American 
commences, and gradually leads, for about 300 
lies, to the Newfoundland shora 

Almost the whole of the bottom of this central plain 
(which extends for many liundred milea in a north and 
south direction) ia covered hy a fine mud, which, when 
brought to the surface, dries into a greyish-white friable 
substance. Ton can write with this on a blackboard, if 
you are so inclined ; and, to the eye, it is quite like very 
Boh, greyish chalk. Examined chemically, it proves to 
be composed almost wholly of carbonate of lime ; and if 
you make a section of it, in the same way as that of the 
piece of chalk was made, and view it with the micro- 
scope, it presents innumerable Glohigerin(B embedded 
in a granular matrix. 

Thus this deep-sea mud is substantially chalk. I say 
substantially, because there are a good many minor dif- 
ferences ; but as these have no bearing on the question 
immediately before «s, — which is the nature of the 
GlohigerincB of the chalk, — it is uimeceesary to speak 
of them. 

Glohigennm of every size, from the smallest to the 
largest, are associated together in the Atlantic mud, niid 
the chambers of many are filled by a soft auimal matter. 
This soft substance is, in fact, the remains of the creature 
to which the Glohigerina shell, or ratlier skeleton, owes 
its existence — and which 13 an animal of the simplest 
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ima^-iMe description. It is, in fact, a mere particle 
of living jelly, without defined parts of any kind — 
without a mouth, nerves, muscles, or distinct organs, 
and only manifesting ita vitality to ordinary observation 
by thrusting out and retracting from all parts of its 
surface, long filamentous processes, which serve for arms 
and legs. Yet this amorphous particle, devoid of every- 
thing which, in the higher animals, we call organs, is 
capable of feeding, growing, and multiplying ; of sepa- 
rating from the ocean the small proportion of carbonate 
of lime which is dissolved in sea- water ; and of . 
building up that substance into a skeleton for itself, 
according to a pattern which can be imitated by no 
other known agency. 

The notion that animals can live and flourish in the 
aea, at the vast depths from which apparently living 
Ghhigerino! have been brought up, does not agree reiy 
well with our usual conceptions respecting the conditions 
of animal life ; and it is not so absolutely impossible as 
it might at first sight appear to be, that the Globigerinm 
of the Atlantic sea-bottom do not live and die where 
they are found. 

Ab I have mentioned, the soundings from the great 
Atlantic plain are almost entirely made up of Glohi- 
gerinw, witt the granules which have been mentioned, 
and some few other calcareous shells ; but a small per- 
centage of the chalky mud — perhaps at most some five 
per cent, of it — is of a different nature, and consists of 
shells and skeletons composed of sUex, or pure flint. These 
silieious bodies belong partly to the lowly vegetable 
organisms which are called DiatomacecB, and partly to 
the minute, and extremely simple, animals, termed 
Radiolai-ia. It is quite certain that these creatures 
do not live at the bottom of the ocean, but at its 
Burface — where they may be obtained in prodigiona 
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numbers by the use of a propprly constructed uet. 
Hence it follows that these silicinus organismaj though 
they are not heavier than the lightest dust, must have 
dGallen, in some cases, through fifteen thousand feet of 
*ater, before they reached their final resting-place on 
the ocean floor. And, considering how large a surface 
these bodies expose in proportion to their weight, it 
is probable that they occupy a great length of time 
in making their burial journey from the surface of the 
Atlantic to the bottom. 

But if the Hadiolaria and Diatoms are thus rained 
upon the bottom of the sea, from the superficial layer 
of its waters in which they pass their lives, it is ob- 
viously possible that the GlohigcrincB may be similarly 
derived ; and if they were so, it would be much more 
easy to understand how they obtain their supply of food 
than it is at present Nevertlielesa, the positive and 
negative evidence all points the other way. The 
skeletons of the full-grown, deep-sea GlohigerincB are 
eo remarkably solid and heavy in proportion to their 
surface as to seem little fitted for floating ; and, as a 
matter of fact, they are not to be found along with the 
Diatoms and Hadiolaria, in the uppermost stratum of 
the open ocean. 

It has been observed, again, that the abundance of 
GhhigeriruB, in proportion to other organisms, of like 
kmd, increases with the depth of the sea ; and that 
deep-water GlohigeruKE are larger thcui those which live 
in shallower parts of the sea ; and such facts negative 
the supposition that these organisms have been swept by 
:nirrents from the shallows info the deeps of the Atlantic 

It therefore ECems to be hardly doubtful that these 
.wonderful creatures live and die at the depths in which 

jy are found. ^ 
I'^Ihjrii'g the cruiae of H.JI.S. Ball-dog, commanded by Sir teopotl'J 
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However, the important points for us are, tliat the 
living Gtohigerince aro exclusively marine animals, the 
skeletons of which abound at the bottom of deep seas ; 
and that there is not a shadow of reason for believing 
that the habits of the Gldbigerince of the chalk differed 
from thoso of the existing species. But if this be tme, 
there is no escaping the conclusion that the chalk itself 
is the dried mud of an ancient deep sea. 

In working over the soundings collected by Captain 
Dayman, I was surprised to find that many of what 
I have called the " granules" of that mud, were not, as 
one might have been tempted to think at firet, the mere 
powder and waste of Ghhigerinw, but that they had a 
definite form and size. I termed these bodies " cocco- 
liths," and doubted their organic nature. Dr. "Wallich 
verified my observation, and added the interesting 
discovery that, not unfrequently, bodies similar to these 
" eoccoliths " were aggregated together into spheroids, 
which he termed " coccospheres." So far as we knew, 
these bodies, the nature of which is extremely puzzling 
and problematical, were peculiar to the Atlantic 
soundings. 

But, a few years ago, Mr. Sorby, in making a careful 
examination of the chalk by means of thin sections and 
otherwise, observed, as Ehrenberg had done before him, 
that much of its granular basis possesses a definite form. 
Comparing these formed particles with those in the 

Bt'CIintoct, in IBGO, living star-fish were bronght up, clin^ng to the l»»weat 
part of the sound! tij^-line, from a iJepth of 1,260 fkthoms, uiidwuy between 
Cape Farewell, ia Greenland, and the Rockall banka. Dr. Wallich ascertained 
that the sea-hottom at this point consisted of the ordinary GlobigeTina ooze, 
and that the stomachs of the star-fishes were full of Globigerinte. This 
discovery remores all objections to the existence of living Qlobigeriiue at 
(.Teat depths, which are based npoa the supposed difficulty of maintaining 
animal life under anch conditions ; and it throws the burden of proof upon 
t}ii»c who object hi the supposition that the Globigerina live and die wlnn 
thej are fbuiid. 
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Atlantic soundings, ho found tlic t«"o to Lo identical ; 
and thus proved that the chalk, like the soundings, 
coutniiis these mysterious coccoliths and coccosphcres. 
Here was a further and a most interesting confirmation, 
from internal evidence, of the essential identity of the 
chalk with modern deep-sea mud. GlohigeruKB, cocco- 
liths, and coecospheres are found as the chief constituent*; 
of both, and testify to the general similarity of the con' ' 
ditions under which both have been formed.^ 

The evidence fumiahed by the hcwiiig, facing, and 
superposition of the stones of the Pyramids, that these 
Btructurea were built by men, has no grt'atcr weight 
than the evidence that the chalk was built by Globi- 
gerincB ; and the belief that those ancient pyramid- 
builders were terrestrial and air-breatliing creatures like 
;gnrselvc8, is it not better based than the conviction that 
hfi chalk-makers lived in the sea. 

But as our belief in the building of the Pyramids by 
men is not oidy grounded oa the internal evidence 
aiforded by these sLructures, but gathers strength il'om 
multitudinous collateral proofs, and is clinched by the 
total absence of any reason for a contrary belief ; so the 
evidence drawn from the GloherirjiiKE that the chalk ia 
an ancient sca-bottora, is fortified by innumerable inde- 
pendent lines of evidence; and our belief in the truth 
of the conclusion to which all positive testimony tends, 
receives the like negative justification from the fact that 

to other hypothesis has a shadow of foundation. 
It may be worth while briefly to consider a few of 
lese collateral proofs that the chalk was deposited at 
le bottom of the sea. 
' 1 haTQ recantly traced out Uia development of tlie " coccoliths " from, a 
wneter of vi^tli of an inch up to their largest size (which is about jj^jpth), j 
and no longer doubt that they ere producedhy independent orgauisma, wM "" ' 
'tika tlie Gtobigcri7ta, live and die at the bottom of the sea. 
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Tlie j^eat mass of tlie cimlk ia composed, as we have 
seen, of the skeletons of Ghbic/crinfs, and other simple 
organisms, imbedded in granular matter. Here and 
there, however, this hardened mud of the ancient sea 
reveals tlie remains of higher animals which have lived 
and died, and left their hard parts in the mud, just aa 
the oysters die and leave their shells behind thera, in the 
mud of the present seas. . 

There are, at the present day, certain groups of animals 
which are never found in freah waters, being unable to 
live anywhere but in the sea. Such are the corals ; those 
coraUincs which are called Pohjzoa ; those creatures 
which fabj'icate the lamp-shells, and are called BracM 
poda ; the pearly Nautilus, and all animals allied 
it ; and all the forms of sea-nrebins and star-fishes. 

Not only are all these creatures confined to salt water 
at the present day ; but, so far as our records of the past 
go, the conditions of their existence have been the same : 
hence, their occurrence in any deposit is as strong 
evidence as can be obtained, that that deposit was 
formed in the sea. Now the remains of animals of all 
the kinds which have been enumerated, occur in the 
chalk, in greater or less abundance ; while not one of 
those forms of shell-fish which are characteriatie of fresh 
water has yet been observed in it. 

When we consider that the remains of more than tl 
thousand distinct species of aquatic animals have 
discovered among the fossils of the chalk, that the great 
majority of thera are of such forms as are now met with 
only in the sea, and that there is no reason to believe 
that any one of them inhabited fresh water — the collateral 
evidence that the chalk represents an ancient sea-bottom 
acquires as great force as the proof derived ii'om the 
nature of the chalk itself I think you will now allowi 
that I did not overstate my case when I asserted tbi " ' 
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'e have as strong grounds for believing that all tlie vast 

la of dry la.Dd, at present occupied by the chalk, was 
once at the bottom of the sea, as we have for any matter 
of history whatever ; while there is no justification for 
any other bcliet 

No less certain it is that the time during which 

the countries we now call south-east England, France, 

Germany, Poland, Eussia, Egypt, Arabia, Syria, were 

more or less completely covered by a deep sea, was of 

msiderable duration. 

AVe have already seen that the chalk is, in places, 
laore than a thousand feet thick. I think you wUl 
agree with me, that it must have taken some time for 
the skeletons of animalcules of a hundredth of an inch in 
diameter to heap up such a mass as that. I have said 
that throughout the thickness of the chalk the remains 
of other animals are scattered. These remains are often 
in the most exquisite state of preservation. The valves 
of the shell-fishes are commonly adherent ; the long 
spines of some of the sea-urchins, which would be de- 
tached by the smallest jar, often remain in their places. 
In a word, it is certain that these animals have lived , 
and died wheu the place which they now occupy was 
•the surface of as much of the chalk as had then been 
ieposited ; and that each has been covered up by the 
lyer of Glohigerina mud, upon which the creatures 
"imbedded a little higher up have, in like manner, lived 
and died. But some of these remaius prove the existence 
of reptiles of vast size ia the chalk sea. These lived 
their time, and had their ancestoj-s and descendants, 
■which assuredly implies time, reptiles being of slow 
growth. 

There is more curious evidence, again, that the procesa 
covering up, or, in other words, the deposit of Globi- 

■rina skeletons, did not go on very fast. It ie. •i.tsKissv^- 
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strable that an animal of the cretaceous sea might die, 
that its skeleton might lie uncovered upon the sea-bottom 
long enough to lose all its outward coverings and appen- 
dages by putrefaction ; and that, after this had happened, 
another animal might attach itself to the dead and naked 
akeleton, might grow to maturity, and might itself die 
before the calcareous mud bad buried the whole. 

Cases of this kind are admirably described by Sir 
Charles LyelL He speaks of the frequency with which 
geologists find in the chalk a fossilized sea-urchin, to 
which is attached the lower valve of a Cj-ania. This 
is a kind of ahell-fish, with a shell composed of two 
pieces, of which, as in the oyster, one is fixed and the 
other fre& 

" The upper valve is almost invariably wanting, 
though occasionally found in a perfect state of pre- 
servation in the white chalk at some distance. In this 
case, we see clearly that the aea-ui'chin first lived from 
youth to age, then died and lost ita spines, which were 
carried away. Then the young Crania adhered to the 
bared shell, grew and perished in its turn ; after which, 
the upper valve was separated from the lower, before 
the Echinus became enveloped in chalky mud."^ 

A specimen in the Museum of Practical Geology, in 
London, still further prolongs the period which must have 
elapsed between the death of the sea-urchin, and its burial 
by the Glohigerinm. For the outward face of the valve of 
a Crania, which is attached to a sea-urchin {MicrasteT^, 
is itaelf overrun by an incrusting coralHne, which spreads 
tlienee over more or less of the surface of the sea-urchin. 
It follows that, after the upper valve of the Crania fell 
off, the surface of the attached valve must have remained 
^posed long enough to allow of the growth of the whole 
.coralline, since corallines do not live imbedded in mud. , 
of Gco'ogy," bj Sir Charles Lyell, Eart. F.R8., p. 23, 
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^H TLe progress of knowledge may, one day, cniiMe us 
^Bto deduce from such facts as these the maximum rate 
^" at which the chalk can have accumulated, and thus to 
arrive at the minimum duration of the chalk period. 
Suppose that the valve of the Crania upou which a 
corallioe has fixed itself in the way just described, is so 
attached to the sea-urchin that no part of it is more than 
Rn inch above the face upon which the sea-urchin rests. 
Then, as the coralline could not have fixed itscllj if the 
Orama had been covered up with chalk mud, and 
could not have lived had itself been so covered, it folIowH, 
that an inch of chalk mud could not have accumulated 
withiu the time between the death and decay of the soft 
parts of the aea-urehin and the growth of the coralline to 

»the full size which it has attaineiL If the decay of the 
Boft parts of the sea-urchin ; the attachment, growth to 
maturity, and decay of the Crania ; and the subsequent 
attachment and growth of the coralline, took a year 
(which ia a low estimate enough), the accumulation of 
the inch of chalk must have taken more tban a year; 
and the deposit of a thousand feet of chalk must, 
consequently, have taken more than twelve thousand 
yeara. 
^_ The foundation of all this calculation is, of course, a 
^Kknowledge of the length of time the Crania and the 
^Beoralline needed to attain their full size ; and, on tliis 
^■^ead, precise knowledge is at present wanting. But 
there are circumstances which tend to show, that nothing 
like an inch of chalk has accumulated dui'ing the life of 
..ft Crania ; aud, on any probable estimate of the length 
" that life, the chalk period must have had a much 
longer duration than that thus roughly assigned to it. 

Thus, not only is it certain that the chalk is the mud of 
ancient sea- bottom ; but it ia no less certain, that tho 
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challc aca existed during an extremely long period, thoiigli 
we may not be prepared to give a precise estimate of the 
length of that period in years. The relative duration ia 
clear, though the absolute duration may not be definable. 
The attempt to affix any precise date to the period at 
wMcli the chalk sea began, or ended, its existence, is 
baffled by difficulties of the same kind. But the rela- 
tive age of the cretaceous epoch may be determined 
with as great ease and certainty as the long duration 
of that epoch. 

You will have beard of the interesting discoveries 
recently made, in various parts of Western Europe, of 
flint implements, obviously worked into shape by human 
bands, under circumstances which show conclusively that 
man is a very ancient denizen of these regions. 

It has been proved that the old populations of Europe, 
whose existence has been revealed to us in this way, con- 
sisted of savages, such as tbe Esquimaux are now ; that, 
in the country which ia now France, they bunted the 
reindeer, and were familiar with the ways of the mam- 
moth and the bison. The physical geography of France 
was in those days different from what it is now — -tlie 
river Somme, for instance, liaving cut its bed a hundred 
feet deeper between that tinle aud this ; and, it is pro- 
bable, that the climate was more like tliat of Cani 
or Siberia, than that of "Western Europe. 

The existence of these people is forgotten even in the 
traditions of the oldest historical nations. The name 
and fame of them bad utterly vanished until a few 
years back ; and the amount of physical change which 
has been effected since their day, renders it more than 
probable that, venerable as are some of tlie historical 
nations, the workers of the chipped flints of Hoxne or 
of Axniens are to them, as they are to 
DQtiquily. 
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But, if wc assign to these hoar relics of long-vanished 
generations of men the greatest age that can jiossibly be 
claimed for them, they are not older than the drift, or 
boulder clay, which, in comparison with the chalk, is 
but a very juvenile deposit. You need go no further 
than your own sea-board for evidence of this fact. At 
one of the most charming spots on the coast of Norfolk, 
Cromer, you will see the boulder clay forming a vast 
mass, which lies upon the chalk, and must cousequently 
have come into existence after it. Huge boulders of 
chalk are, in fact, included in the clay, and have evi- 
dently been brought to the position they now occupy, 
by the same agency as that which has planted blocks of 
syenite from Norway side by side with them. 

The chalk, then, is certainly older than the boulder 
(glay. If you ask how much, I will again take you uo 
(i&irther than the same spot upon your own coasts for 
evidence. I have spoken of the boulder clay and drift 
as resting upon the chalk. That is not strictly true. 
Interposed between the chalk and the drift is a compa- 
ratively insignificant layer, containing vegetable matter. 
But that layer tells a wonderful history. It is full of 
stmnps of toees standing as they grew. Fir-trees are 
there with their cones, and hazel-bushea with their nuts ; 

lere stand the stools of oak and yew trees, beeches and 
[alders. Hence this stratum is appropriately called the 
" forest-bed. "- 

It is obvious that the chalk must have been upheaved 
and converted into dry land, before the timber trees 
could grow upon it. As the bolls of some of these trees 
are from two to three feet in diameter, it is no less clear 
that the dr}'' land thus formed remained in the same 
condition for long ages. And not only do the remains 
i,i>f stately oaks and well-grown firs testify to the duration 
of this condition of things, but additional evidence to 
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the same effect ia affortled by the abundant remains of 

elephants, riiinoeeroses, hippopotamuses, and other great 
wild beasts, which it has yielded to the zealous search of 
such men as the Rev. Mr. Gonn. 

When you look at such a collection as he has formed, 
and bethink you that these elephantine bones did veritably 
carry their owners about, and these great grinders crunch, 
in the dark woods of which the forest-bed is now the 
only trace, it is impossible not to feel that they are as 
good evidence of the lapse of time as the annual rings 
of the tree-stumps. 

Thus there ia a writing upon the wall of cliffs at 
Ci omer, and whoso runs may read it. It tells us, with, J 
;lq authority which cannot be impeached, that thej 
ancient sea-bed of the chalk sea was raised up, and | 
remained dry land, until it was covered with forest, 
stocked with the great game whose spoils have rejoiced 
your geologists. How long it remained in that condition 
cannot be said ; but " the whirligig of time brought its 
revenges " in those days as in these. That dry land, 
with the bones and teeth of generations of long-lived 
elephants, hidden away among the gnarled roots and dry 
leaves of its ancient trees, sank gradually to the bottom 
of the icy sea, which covered it with huge masses of 
drift and boulder clay. Sear-beasts, such as the walras, 
now restricted to the extreme north, paddled about whero 
birds had twittered among the topmost twigs of the fir- 
trees, flow long this state of things endured we know 
not, but at length it came to an end. The upheaved 
glacial mud hardened into the soil of modern Norfolk. 
Forests grew once more, the wolf and the beaver re^.J 
placed the reindeer and the elephant ; and at length m 
what we call the history of England dawnetL g 

Tlius you have, within the limits of your own county, 
proof that the chalk can justly claim a veiy much 
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greater antiquity ttan even tlie oldest pbyaieal traces of 
mankind. But wc may go further and demonstrate, by 
evidence of the same authority as that which testifies tu 
the existence of the father of men, that the chalk is 
vastly older than Adam himself. 

The Book of Genesis informs us that Adam, immediately 
upon his creation, and before the appearance of Eve, was 
placed in the Garden of Eden. The problem of the 
geographical position of Eden has greatly vexed the 
spirits of the learned in such matters, but there is one 

C'nt respecting which, so far as I know, no commentator 
ever raised a doubt. This is, that of the four rivers 
which are said to run out of it, Euphrates and Hiddekel 
are identical with tiie rivers now known by the names of 
Euphrates and Tigris. 

But the whole country in which these mighty rivers 
take their origin, and through which they run, is 
composed of rocks which are either of the same age aa 
the chalk, or of later date. So that the chalk must not 
only have been formed, but, after its formation, the time 
required for the deposit of these later rocks, and for their 
upheaval into dry land, must have elapsed, before the 
smallest brook which feeds the swift stream of "the 
great river, the river of Babylon," began to flow. 

i Thus, evidence which cannot be rebutted, and which 

Fueed not be strengthened, though if time permitted 

I might indefinitely increase its quantity, compels you 

to believe that the earth, from the time of the chalk 

ta the present day, has been the theatre of a series of 

I changes as vast in their amount, as they were slow in 

I their progress. The area on which we stand has been 

I fli-st sea and then land, for at least four alternations ; 

L and has remained in each of these conditions for a 

I period of great length. 




■196 



Ur SEMMOKS, JLDRESSSS, AND REFIEIFS. 



[« 



Nor have these wonderfiil metamorphoses of sea into 
lanil, and of land into sea, been confined to one comer 
of England. During the chalk period, or " cretaceous 
epoch," not one of the present groat physical features of 
the glohe was in existeuce. Our great mountain ranges, 
Pyrenees, Alps, Himalayas, Andes, have all been up- 
lieaved since the chalk was deposited, and the ci-etaccous 
sea flowed over the sites of Sinai and Ararat. 

All this is certain, because rocks of cretaceous, or still 
later, date have shared in the clevatory movements 
which gave rise to these mountain chains ; and may 
be found perched up, in some cases, many thousand 
feet high upon their flanks. And evidence of equal 
cogency demonstrates that, though, in Norfolk, the 
forest-bed rests directly upon the chalk, yet it does so, 
not because the period at which the forest grew imme- 
diately followed that at which the clialk was formed, 
but because an immense lapse of time, represented 
elsewhere by thousands of feet of rock, is not indicate^.i 
at Cromer. J 

I must ask you to believe that there ia no less coiir' 
elusive proof that a still more prolonged succession of 
similar changes occurred, before the chalk was deposited. 
Nor have we^ any reason to think that the first term in 
the series of these changes is known. The oldest sea- 
beds preserved to us are sands, and mud, and pebbles, 
the wear and tear of rocks which were formed in still 
older oceans. 

But, great as is the magnitude of these physical 
changes of the world, they have been accompanied by 
a no less stciking series of modifications in its livi 
inhabitants. 

All the great classes of animals, beasts of the i 
fowls of the air, creeping things, and things which dwd 
in the waters, flourished upon the globe long ages 1 
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tlie ehalk was deposited. Very few, however, if any, of 

tliese ancient forma of animal life were identical with 

those which now live. Certainly not one of the higher 

animals waa of the snme species as any of those now in 

existence. The beasts of the field, in the days before 

the chalk, were not our bca.sts of the field, nor the fowls 

1 of the air such as those which the eye of men has seen 

I flying, unless his antiquity dates infiuittly further back 

■ than we at present surmise. If we could be carried 

back into those times, we should be as one suddenly 

set down in Australia before it was colonized. We should 

see mammals, birds, reptiles, fishes, insects, snails, and 

I the like, clearly recognisable as such, and yet not one 

\ of them would be just the same as those with which we 

are familiar, and many would be extremely different. 

From that time to the present, the population of the 
world has undergone slow and gradual, but incessant, 
changes. There has been no grand catastrophe — no 
I destroyer has swept away the forms of life of one 
I period, and replaced them by a totally new creation ; 
but one species has vanished and another has taken 
its place ; creatures of one type of structure have 
diminished, those of another have increased, as time 
has passed on. And thus, while the differences between 
the living creatures of the time before the chalk and 
those of the present day appear startling, if placed 
side by side, we are led from one to the other by the 
most gradual progress, if we foUow the course of Nature 
through the whole series of those relics of her operations 
which she has left behind. 

And it is by the population of the chalk sea that the 

ancient and the modern inhabitants of the world are 

most coni7)letc]y connected. The groups which are 

I dying out flourish, side by side, with the groups which 

I arc now the dominant forms of life. 
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Thus the cbalk contains remains of those strange 
flying and swimming reptiles, the pterodactyl, tbe ich- 
thyosaurus, and the plesiosaurus, which are found in no 
liiter deposits, hut abounded iu preceding ages. The 
chambered shells called ammonites ami belemnitea, 
which are so eharacteristic of the period preceding the 
cretaceous, in like manner die with it. j 

But, amongst these fading remainders of a preTioinsy 
state of things, are some very modern forma of life, 
looking like Yankee pedlars among a tribe of Eed 
Indians. Crocodiles of modem type appear ; bony 
fishes, many of them very similar to existing species, 
almost supplant the forms of fish which predomina! 
in more ancient seas ; and many kinds of living shell-j 
fish first become known to us in the chalk. The vege- 
tation acquires a modern aspect. A few living animals 
are not even distinguishable as species, from those which 
existed at that remote epoch. The Glohigerina of the 
present day, for example, is not difiereut spcetfieally 
from that of the chalk ; and the same may be said 
of many other Foraminifcra. 1 think it probable that 
critical and unprejudiced examination will show that 
more than one species of much higher animals have had 
a similar longevity ; but the only example which I can 
at present give confidently is the snake's-head lamp- 
shell {Tcrebratulina caput serpentis), which lives in 
our English seas and abounded (aa Terebratulina striata 
of authors) in the chalk. 

The longest line of human ancestry must hide 
diminished head before the pedigree of this insignificant 
ehell-fish. We Englishmen are proud to have an ancestor 
who M'as present at the Battle of Hastings. The an- 
cestors of Terebratulina caput serpentis may have been 
present at a battle of Ichthyosauria in that part of tho 
sea which, when the chalk was forming, flowed over the 
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f site of Hastings. While all around has changed, thia 
I TerehratuUna has peacefully propagated its species from 
I generation to generation, and stands to thia duy, as a 
I living testimony to the continuity of the present with 
I the past history of the globe. 

Up to this moment I have stated, so f;ir as I know, 
[ nothing but well-authenticated facts, and the immediate 
conclusions which tbey force upon the mind. 

But the mind is so constituted that it does not 
w illin gly rest in facts and immediate causes, but seeks 
always after a knowledge of the remoter links in the 
h chain of causation. 

Taking the many changes of any given spot of the 
I earth's surface, from sea to land and from land to sea, 
I as an established fact, wc cannot refrain fi-om asking 
I'ourselves how these changes have occun-ed. And when 
I we have explained them — as they must be explained 
\* — by the alternate slow movements of elevation 
■ Bud depression which have affected the crust of the 
learth, we go still further back, and ask. Why these 
I'movcnients 'i 

I am not certain that any one can give you a satis- 

r fiictory answer to that question. Assuredly I cannot. 

All that cun be said, for certain, is, that such movements 

arc pai-t of the ordinary course of nature, inasmuch as 

they are going on at the present time. Direct proof 

may be given, that some parts of the land of the 

northern hemisjihere are at this moment insensibly rising 

and others insensibly sinking; and there is indirect, but 

Lperfectly satisfactory, proof, that an enormous area now 

■covered by the Pacific has been deepened thousands of 

fcct, since the present inhabitants of that sea came into 

I existence. 

Thus there is not a shadow of a reason for believing 
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that the physical changes of the globe, in past times 
have been effected by other than natural causes, 

la there any more reason for believing that the coacomi'^ 
tant mollifications in the forms of the living inhabitants 
of the globe have been brought about in other ways ? 

Before attempting to answer this question, let us try 
to form a distinct mental picture of what has happened, 
in some special ease. 

The crocodiles are animals which, as a group, have a 
very vast antiquity. They abounded ages before the 
chalk was deposited ; they throng the rivers in warm 
chmates, at the present day. There is a difference in 
the form of the joints of the back-bone, and in some 
minor particulars, between the crocodiles of the present 
epoch and those which lived before the chalk ; but, in 
the cretaceous epoch, as I have already mentioned, the 
crocodiles had assumed the modern type of structure. 
Notwithstanding this, the crocodiles of the chalk are 
not identically the same as those which lived in the 
times called " older tertiary," which succeeded the cre- 
taceous epoch ; and the crocodiles of the older tertiaries 
are not identical with those of the newer tertiaries, nor 
are these identical with existing forms. I leave open 
the question whether particular species may have lived 
on fi'om epoch to epoch. But each epoch has had its 
peculiar crocodiles ; though all, since the chalk, have 
belonged to the modem type, and differ simply in their 
proportions, and in such structural particulars as are 
discernible only to trained eyes. 

How ia the existence of this long succession of dif- 
ferent species of croeodUes to be accounted for 1 

Only two suppositions seem to be open to us — Either 
each species of crocodile has been specially created, or it 
has ai'istn out of some pre-existing form by the opei 
tion of natural causes. 
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Choose your liypotliesia ; I have chosen mine. I can 
I find no warranty for believing in the distinct creation of 
a score of successive species of crocodiles in the course of 
countless ages of time. Science gives no countenance 
to such a wild fancy; nor can even the perverse 
ingenuity of a commentator pretend to discover tliis 
fleuse, in the simple words in which the writer of 
Genesis records the proceedings of the fifth and sixth 
days of the Creation. 

On the other hand, I see no good reason for doubting 
the necessary alternative, that all these varied species 
have been evolved from pre-existing crocodilian forms, 
by the operation of causes as completely a part of the 
common order of nature, as those which have effected 

I- the changes of the inorganic world. 
Few will venture to aifirm that the reasoning which 
applies to crocodiles loses its force among other animals, 
Or among plants. If one series of species has come into 
existence by the operation of natural causes, it seems 
folly to deny that all may have arisen in the same way. 

A small begiuuing has led us to a great ending. If I 
were to put the bit of chalk with which we staited into 
the hot but obscure flame of burning hydrogen, it would 
presently shine like the sun. It seems to me that this 
physical metamorphosis is no false image of what has 
been the result of our subjecting it to a jet of fervent, 
though nowise brilliant, thought to-night It has become 
iuminous, and its clear rays, penetrating the abyss of 
the remote past, have brought within our ken some stages 
lif the evolution of the earth. And in the shifting " with- 
iia t haste, but without rest" of the land and sea, as in the 
endless variation of the forms assumed by living beings, 
we have observed nothing but the natural product of the 
forces originally possessed by the substance of the uaivetae.. 
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IIekchants occasionallj go through a wholesome, thouj 
troublesome and not always satisfactory, process whi( 
they term "taking stock." After all the excitement 
speculation, the pleasure of gain, and the pain of L 
the trader makes up his mind to face facts and 
learn the exact quantity and quality of his solid am 
reliable possessions. 

The man of science doos well sometimes to imitate 
this procedure ; and, forgetting for the time the import- 
ance of his own small winnings, to re-examine the 
common stock in trade, so that he may make sure how- 
far the stock of bullion in the cellar — on the faith 
whose existence so iimch paper has been circulating- 
is really the solid gold of truth. 

The Anniversary Jleeting of the Geological Society 
seems to he an occasion well suited for an undertaking 
uf this kind^for an inquiry, in fact, into the nature and 
("alue of the present results of palfeontological investi- 
gation ; and the more so, as all those who have paid 
close attention to the late multitudinous discussionn 
in which palffiontology is impHcated, must have 
Llie urgent necofsity of some such scrutiny. 
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First in order, as tlie mo.5t definite aiid unquestionable 
of all the results of palasontology, must be mentioned 
the immense extension and impulse given to botany, 
zoology, and comparative anatomy, by the investtgatiou 
of fossil remains. Indeed, the mass of biological facts 
has been so groatly increased, and the range of biological 
speculation has been so vastly widened, by the researches 
of the geologist and palEeontologist, that it is to be feared 
there are naturalists in existence who look upon geology 
as Brindley regarded rivers. " Hivers," said the great 
engineer, "were made to feed canals;" and geology, 
Eome seem to think, was solely created to advance com- 
parative anatomy. 

Were such a thought justifiable, it could hardly expect 
to be received with favour by tiiis assembly. But it 
is not justifiable. Your favourite science has her own 
great aims independent of all others ; and if, notwith- 
standing her steady devotion to her own progress, she 
can scatter such rich alms among her sisters, it should 
be remembered that her charity is of tlio sort that 
does not impoverish, but " blesseth him that gives and 
him that takes," 

Regard the matter as we will, however, the facts 
remain. Nearly 40,000 species of aidmals and plants 
have been added to the Systema Naturse by palseonto- 
logical research. This is a living population equivalent 
to that of a new continent in mere number ; equivalent 
to that of a new hemisphere, if we take into account the 
small population of insects as yet found fossd, and the 
large proportion and peculiar organization of many of 
I he Vertebrata. 

But, beyond this, it is perhaps not too much to say 
that, except for the necessity of interpreting palteonto- 
lugical facts, the laws of distribution would have received 
hss careful study; while few compaiative anatomists. 
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^m (and those not of the first order) would tave beeu 

^K Inducod by mere love of detail, as siich, to study tlie 

^ minutiaj of osteology, were it not that in sucli minutiiB 

lie the only keys to the most interesting riddles offered 

by the extinct animal world. 

These assuredly are great and solid gains. Surely it 
is matter for no small congratulation that in half a cen- 
tury (for palaeontology, though it dawned earlier, came 
I into fuU day only with Cuvier) a subordinate branch of 
biology should have doubled the value and the interest 
of the whole group of sciences to which it belongs. 
But this is not all. Allied with geology, palieon- 
tology has established two laws of inestimable import- 
ance : the first, that one and the same area of the earth's 
surface has been successively occupied by very different 
kinds of living beings ; the second, that the order of 
succession established in one locality holds good, approxi- 
mately, in all. 
The first of these laws is universal and irreversible ; 
tiie second ia an induction from a vast number of 
observations, though it may possibly, and even pro- 
bably, have to admit of exceptions. As a consequence 
of die second law, it follows that a peculiar relation 
frequently subsists between series of strata, containing 
j organic remains, in different localities. The series 
I resemble one another, not only in virtue of a general 
L resemblance of the organic remains in the two, but also 
f in virtue of a resemblance in the order and character 
■■.of the serial succession in each. There is a resemblance 
[■ of arrangement ; so that the separate terms of each series, 
[as well as the whole scries, exhibit a correspondence, 
I Succession implies time ; the lower members of a 
■ series of sedimentary rocks are certainly older than 
the upper ; and when the notion of age was once 
introduced as the equivalent of succession, it was no 
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^■wonder that correspondence in snccesaion came to be 
^^Uooked upon aa correspondence in age, or " contem- 
^^ poraneity." And, indeed, so long as relative age only 
18 spoken of, correspondence in succession is correspon- 
dence in age ; it ia relative contemporaneity. 

But it would liave been very much better for geology 
if so loose and ambiguous a word as " contemporaneous " 
.had been excluded from her terminology, and if, in its 
itead, some term expressing similarity of serial relation, 
ind excluding the notion of time altogether, had been 
employed to denote correspondence in position in two 
or more series of strata. 

In anatomy, where such correspondence of position 
has constantly to be spoken of, it is denoted by the 
word " homology " and its derivatives ; and for Geology 
(which after all is only the anatomy and physiology 
of the earth) it might be well to invent some single 
word, such as "homotaxia" (simdarity of order), in 
order to express an essentially similar idea. This, how- 
ever, has not been done, and most probably the inquiiy 
;will at once be made — To what end burden science with 

new and strange term in place of one old, familiar, 
and part of our common language ? 

The reply to this question wiU become obvious as 
the inquiiy into tlie result3 of palteontology is pushed 
further. 

Those whose business it is to acquaint themselves 
specially with the works of paltBontoiogists, in fact, 
■will be fuUy aware that very few, if any, would rest 
satisfied with such a statement of the conclusions of 
liheir branch of biology aa that which has just been 
Iven. 

Our standard repertories of palseontology profess to 

.ch us far higher things — to disclose the entire sue- 
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I cession of living forma upon the surface of the globe ; 
'■to tell us of a wholly diftbrent distribution of climatic 
I conditions \a ancient times ; to reveal the character 
Lof the first of all living esiatences; and to trace out 
rthe law of progress from them to us. 

It may not be unprofitable to bestow on these pro- 
fessions a somewhat more critical examination than 
they have hitherto received, in order to ascertain how 
far they rest on an irrefragable basis ; or whether, after 
all, it might not be weU for paliBontologists to learn 
a little more carefully that scientific "ars artiimi," the 
art of saying "I don't know." And to thia end let 
us define somewhat more exactly the extent of these 
pretensions of palteontology. 

Every one is aware that Professor Bronn's " Unter- 
suchungen" and Professor Pictet's "Traitd de Paleou- 
tologie" are works of standard authority, familiarly 
consulted by every working palaeontologist. It is desir- 
able to speak of these excellent books, and of their 
distinguished authors, with the utmost respect, and in 
a tone as far as possible removed from cai-ping criticism ; 
indeed, if they are specially eited in this place, it is 
merely in justification of the assertion that the follow- 
ing propositions, which may be found implicitly, or 
explicitly, in the works in question, are regarded by 
the mass of palEeontoIogists and geologists, not only 
on the Continent but in this country, as expressing 
Bome of the best-established results of pakeontology. 
Thus ;— 

Animals and plants began their existence together, 
not long after the commencement of the deposition of 
the sedimentary roclcs ; and then succeeded one another, 
in sueh a manner, that totally distinct faunje and florae 
occupied the whole surface of the earth, one after th^v 
pther, and during distinct epochs of time. 
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^^ A geological forraation is the sum of all the strata 
^K deposited over the whole surface of tlie earth during 
^H one of these epochs : a geological fauna or flora is the 
^1 sum of all the species of animals or plants which 
^B occupied the whole surface of the globe, during one 
^^ of these epochs. 

The population of the earth's surface was at first 
very similar in all parts, and only from the middle of 
the Tertiary epoch onwards, began to show a distinct 
distribution in zones. 

The constitution of the original population, as well 
as the numerical proportions of its members, indicates 
a warmer and, on the whole, somewhat tropical climate, 
which remained tolerably equable throughout the yeai-. 

I The subsequent distribution of living beings in zones 
is the result of a gradual lowering of the general 
temperature, which first began to be felt at the 
poles. 
It is not now proposed to inquire whether these 
doctrines are true or false ; but to direct your atten- 
tion to a much simpler though very essential preliminary 
question — What is their logical basis 1 what are the 
fundamental assumptions upon which they all logically 
depend 1 and what is the evidence on which those 
fundamental propositions demand our assent? 

These assumptions are two : the first, that the com- 
mencement of the geological record is coeval with the 
commencement of Hfe on the globe ; the second, that 
geological contemporaneity is the same thing as chrono- 
logical synchrony. Without the first of these assump- 
.tions there would of course be no ground for any 
statement respecting the commencement of life ; with« 
out the second, all the other statements cited, every 
one of wliich implies a knowledge of the atata q£ 
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different parts of the earth at one and the same timi 
will be no less deroJd of demonstration. 

The first assumption obviously rests entirely on 
negative evidence. This is, of course, the only evidence 
that ever can be available to prove the commencement 
of any series of phaenomena ; but, at the same time, 
it must be recollected that the value of negative 
evidence depends entirely on the amount of positive 
corroboration it receives. If A. B. wishes to prove an 
alibi, it is of no use for him to get a thousand witnesses 
simply to swear that they did not see him in such 
and such a place, unless the witnesses are prepared 
to prove that they must have seen him had he been 
there. But the evidence that animal life commenced 
with the Lingula-flags, e.g., woxild seem to be exactly 
of this unsatisfactory uncorroborated sort. The Cam- 
brian witnesses simply swear they "haven't seen any- 
body their way ; " upon which the counsel for the 
other side immediately puts in ten or twelve thousand 
feet of Devonian sandstones to make oath they never 
saw a fish or a mollusk, though all the world knows ■ 
there were plenty in their time. 

But then it is urged that, though the Devonian 
rocks in one part of the world exhibit no fossils, in 
another they do, while the lower Cambrian rocks no- 
where exhibit fossils, and hence no living being could 
have existed in their epoch. 

To this there are two replies : the first, that the 
observational basis of the assertion that the lowest 
rocks are nowhere fossiliferous is an amazingly small 
one, secirif; how very small an aret^ in comparison to 
that of the whole world, has yet been fully searched;. 
the second, that the argument is good for nothing unless 
the unfossiliferous rocks in question were not only 
contempoi-aneoxis in the geological sense, but synchron&ug 
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in the chronological sense. To use tlio alibi illustration 
again. If a man wiyhes to prove he w.t3 in neither 
of two xjlaccs, A and B, on a given day, his witnesses 
for each place must be prepared to answer for the 
whole day. li they can only prove that he was not 
at A iu the morniiig, and not at B in the afternoon, 
the evidence of his absence from both is nil, because 
he might have been at B iu the morning and at A iu 
the afternoon. 
I Thus everything depends upon the validity of the 
I second assumption. And we must proceed to inquu-e 
what is the real meaning of the word " contemporaneous" 
as employed by geologists. To this end a concrete 
example may be taken. 

The Lias of England and the Lias of Germany, the 
Cretaceous rocks of Britain and the Cretaceous rocks 
of Southern India, are termed by geologists " contem- 
poraneous" formations; but whenever any thoughtful 
I geologist is asked whether he means to say that they 
y were deposited synchronously, he says, "No, — only 
within the same great epoch." And if, in pursuing 
the inquiry, he is asked what may be the approximate 
value in time of a *' great epoch " — whether it means 
a hundred years, or a thousand, or a million, or ten 
million yeara — his reply is, " I cannot telL" 

If the further question be put, whether physical 
geology is in possession of any method by which the 
actual synchrony (or the reverse) of any two distant 
deposits can be ascertained, no such method can be 
heard of ; it being admitted by all the best authoritiea 
that neither sinmaiity of mineral composition,nor of 
physical character, nor even direct continuity of stratum, 
are absolute proofs of the synchronism of even approxi- 
mated sedimentary strata : while, for distant deposits, 
there seems to be no kind of physical evidence attain.- 
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able of a nature competent to decitie ■whether such 
deposits were funned 8imult;meoualy, or whether they 
possess any given difference of antiquity. To return 
to an example already given. All competent authorities 
will probably assent to the proposition that physical 
geology does not enable us in any way to reply to 
this question — Were the British Cretaceous rocks depo- 
sited at the same time as those of India, or are they a 
million of years younger or a miUion of years older ? 

Ib palaeontology able to succeed where physical 
geology fails ? Standard writers on palseontology, as 
has been seen, assume that she can. They take it for 
granted, that deposits containing similar organic remains 
are synchronous — at any rate in a broad sense; and 
yet, those who will study the eleventh and twelfth 
chapters of Sir Henry De la Beche's remarkable "He- 
searches in Theoretical Geology," published now nearly 
thirty years ago, and will carry out the argument 
there most luminously stated, U> their logical conse- 
qenees, may very easily convince themselves that 
even absolute identity of organic contents is no proof 
of the synchrony of deposits, while absolute diversity 
is no proof of difference of date. Sir Henry De la 
Beehe goes even further, and adduces conclusive evidence 
to show that the different parts of one and the same 
stratum, having a similar composition throughout, con- 
taining the same organic remains, and having similar , 
beds above and below it, may yet differ to any cour ■ 
ceivable extent in age. | 

Edward Forbes was in the habit of asserting that i 
tlie similarity of the organic contents of distant forma- 
lioiis was primd facie evidence, not of their similarity, 
Ijut of their difference of age ; and holding as he did 
the doctiine of single specific centres, the conclusion 
was 113 legitimate as any other; for the two districts 
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must have been occupied by migration from one of the 
two, or from au intermediate epot, and the chances 
against exact coincidence of migration and of imbedding 
are infinite. 

In point of iact, however, whether the hypothesis 
of single or of multiple specific centres be adopted, 
Bimilarity of organic contents cannot possibly afford 
any proof of the eynchrony of the deposits which 
contain them ; on the contrary, it is demonstrably 
compatible with the lapse of the most prodigious 
intervals of time, and with interposition of vast changes 
in the organic and inorganic worlds, between the epochs 
in which such deposits were formed. 

On what amount of similarity of their faunie ia the 
doctrine of the contemporaneity of the Eui'opean and 
■of the North American Silurians based ? In the last 
edition of Sir Charles Lyell's "Elementary Geology" 
it is stated, on the authority of a former President of 
this Society, the late Daniel Sharpe, that between 
30 and 40 per cent, of the species of Silurian Mollusca 
are common to both sides of the Atlantic. By way 
of due allowance for further discovery, let us double 
the lesser number and suppose that (30 per cent, of 
the species are common to the North American and 
;the British Silurians. Sixty per cent of species in 
'common ia, then, proof of contemporaneity. 

Now suppose that, a million or two of years hence, 
when Britian has made another dip beneath the sea 
and has come up again, some geologist applies this 
doctrine, in eompariug the strata laid bare by the 
upheaval of tiie bottom, say, of St. George's Channel 
ivith what m;iy then remain of the Suffolk Crag. 
Keasoning in the same way, he will at once decide 
the Suiiblk Crag and the St. George's Channel beda 
to be contemporaneous ; although we happen to know 
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tliat a viist period (even in the geological sense) of 
tim^ aud pliysical changes of almost unprcccdeutcd 
extent, separate the two, 

But if it be a demonstrable fact that sti-ata con- 
taining more than GO or 70 per cent, of species of 
Mollusca in common, and comparatively close together, 
may yet be separated by an amount of geological time 
sufficient to allow of some of the greatest physical 
changes tlie "world has seen, what becomes of that 
sort of contemporaneity the sole evidence of 
is a similarity of facies, or the identity of half a doJ 
species, or of a good many genera ? 

And yet there is no better evidence for the contem- 
poraneity assumed by all who adopt the hypotheses 
of universal faunte and florae, of a universally uniform 
climate, and of a sensible cooling of the globe during 
geological time. 

There seems, then, no escape fi-om the admission that 
neither physical geology, nor paliEontology, possesses, 
any method by which the absolute synchronism of two 
strata can be demonstrated. All that geology can 
prove is local order of succession. It is mathematicallyr 
certain that, in any given vertical linear section of t^ 
undisturbed series of sedimentary deposits, the bed' 
which lies lowest is the oldest. In any other vertical 
linear section of the same series, of com-se, corresponding^ 
beds will occur in a similar order ; but, however greaf , 
may be the probability, no man can say with absolut 
certainty that the beds in the two sections were s; 
chronously deposited. For areas of moderate extents- 
it is doubtless true that no practical evil is likely to 
result from assuming the corresponding beds to be 
synchronous or strictly contemporaneous ; and there 
are multitudes of accessory circumstances which ma] ' 
fully justify the assumption of such synchrony. Bu 
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'the moment the geologist has to deal with large areas, 
or with completely separated deposits, the miachief 
of confomicUng that "homotasis" or *■ similarity of 
arrangement," which can be demonstrated, with " syn- 
chrony" or "identity of date," for which there ia not 
a shadow of proof, under the one common term of 
' contemporaneity " becomes incalculable, and proves 
the constant source of gratuitous speculations. 

For anything that geology or palaeontology are able 
to show to the contrary, a Devonian fauna and flora 
in the British Islands may have been contemporaneous 
with Silurian life in North America, and with a Car- 
boniferous fauna and flora in Africa. Geographical pro- 
Tinces and zones may have been as distinctly marked in 
•the Palaeozoic epoch as at present, and those seemingly 
sudden appearances of new genera and species, which we 
ascribe to new creation, may be simple results of migration. 

It may be so ; it may be otherwise. In the present 
condition of our knowledge and of our methods, one 
verdict — "not proven, and not provcablc" — must be 
recorded against all the grand hypotheses of the palseon- 
tologist respecting the general succession of life on the 
globe. The order and nature of terrestrial life, as a 
whole, are open questions. Geology at present provides 
ua with most valuable topographical records, but she 
has not the means of working them into a universal 
history. Is such a universal history, then, to be regarded 
as unattainable ? Are all the grandest and most in- 
teresting problems which oiler themselves to the 
geological student essentially insoluble ? Is he in the 
position of a scientific Tantalus — doomed always to 
thir.'^t for a knowledge which he cannot obtain? The 
reverse is to be hoped ; nay, it may not be impossible 
to indicate the source whence help will come. 

In commencing these remarks, mention was made ot 
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the great obligationa under which the naturalist lies to 
the geologist and paleeontologisL Assuredly the time 
will come when these ohligations will be repaid tenfold, 
and when the maze of the world's past history, through 
■which the pure geologist and the pure palseootologist 
find no guidance, will be securely threaded by the dm 
furnished by the naturalist 

All who are competent to express an opinion on 
subject are, at present, agreed that the manifold varieties 
of animal and vegetable form have not either come into 
existence by chance, nor result from capricious exertions 
of creative power ; but that they have taken place in a 
definite order, the statement of which order ia whaAid 
men of science term a natural law. Whether such i 
law is to be regarded as an expression of the mode of 
operation of natural forces, or whether it ia simply a 
statement of the manner in which a supernatural power 
has thought fit to act, is a secondary question, so long 
aa the existence of the law and the possibility of its 
discovery by the human intellect are granted. Eut he 
must be a half-hearted philosopher who, believing in 
that possibility, and having watched the gigantic strides 
of the biological sciences during the last twenty years, 
doubts that science will sooner or later make this further 
Btep, so as to become possessed of the law of evolution 
of organic forms — of the unvarying order of that great 
chain of causes and efi'ects of which all organic forroSj 
ancient and modern, are the links. And then, if eva 
we shall be able to begin to discuss, with profit, th 
questions respecting the commencement of life, and t 
nature of tlie successive populations of the globe, whiej 
eo many seem to think are abeady answered. 



The preceding arguments make no particular claim i 
wvelty ; indeed they have been Seating more or 
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disliuctly before the minds of geologists for tte last 
thiity yeara ; and if, at the present time, it has eeemed 
desirable to give them more definite and systematic 
expression, it is because palceontology is eveiy day 
assuming a greater importance, and now requires to 
rest ou a basis the firmness of which is thoroughly well 
assured. Among its fundamental conceptions, there 
must be no confusion between what is certain and 
what ia more or less probable.^ But, pending the 
construetion of a surer foundation than palseontology 
now possesses, it may be instructive, assuming for the 
nonce the general correctness of the ordinary hypothesis 
of geological contemporaneity, to consider whether the 
deductions which are ordinarily drawn from the whole 
body of pal^ontological facts are justifiable. 

The evidence on which such concluaions are based is 
of two kinds, negative and positive. The value of 
negative evidence, in connexion with this inquiry, has 
been so fully and clearly discussed in an address from 
the chair of this Society,^ which none of us have 
forgotten, that nothing need at present be said about 
it ; the more, as the considerations which have been 
laid before you have certaiidy not tended to increase 
your estimation of such evidence. It wiU be preferable 

1 turn to the positive facts of palfeontology, and to 

iquire what they tell us. 

We are all accustomed to speak of the number and 
the extent of the changes in the living population of 
the globe during geological time as something enormous ; 
and indeed they are so, if we regard only the negative 
differences which separate the older rocks from the 
more modem, and if we look upon specific and generic 

' "te pluB grand service qu'on puisso rendre i, la sdence est d'y foire plset- 
VStte avant d'y rien coustTiiire."^CnviBR. 

1 Annivexsaiy Address for 18B1, Quart, Joam. GeoL Soc voL Tii 
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cliangcs as great changes, ■wliicli from oue point of view 
they truly are. But leaving the negative differences 
out of consideration, and looking only at the positive 
data furnished by the fossil world from a broader point 
of view- — fi-om that of the comparative anatomist wbo 
has made the study of the greater modifications of 
animal form his cliief business — a surprise of another 
kind dawns upon the mind ; and under this aspect the 
smallness of the total change becomes as astonishing as 
was its greatness under tlie other. 

There are two hundred known orders of p 
these not one is certainly known to exist esclusivdy*^ 
in the fossd state, The whole lapse of geologieal timftj 
has as yet yielded not a single new ordinal type oi.l 
vegetable structure.^ 

The positive change in passing from the recent to t 
ancient animal world is greater, but still singularlw 
small. No fossil animal is so distinct from those uo^ 
living as to require to be arranged even in a scparatw 
ckss from those which contain existing forms. It iw 
only when we come to the orders, which may ba i 
roughly estimated a.t about a hundred and thirty, that 
we meet with fossil animals so distinct from those now 
Mving as to require orders for themselves ; and these do 
not amount, on the most liberal estimate, to more than.- 
about 10 per cent, of the whole. ■ 

There is no certainly known extinct order of Protozoa; 
there is but one among the Ccelenterata — that of the 
rugose corals ; there i^ none among the Mollusea ; there 
are three, the Cystidea, Blastoidea, and Edrioasterida, 
among the Echinoderms ; and two, the Trilobita and 
l^lurypterida, among the Crustacea ; making altogether 
five for the great sub-kingdom of Annulosa, Among 

See Hooker's " Introi'.Hctory Eisay to O-a Flora of Tasmania," 
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Vcrteljratca there is no ordinally distinct fossil fist : 
there is only one extinct order of Amphibia — the Laby- 
rinthodonta ; but there are at least four distinct orders 
of Eeptilia, viz. the Ichthyosauria, Plesiosauria, Ptero- 
Bauria, Dinosauria, and perhaps another or two. Tliere 
is no known extinct order of Birds, and no certainly 
known extinct order of Mammals, the ordinal distinct- 
ness of the " Toxodontia " being doubtful. 

tTLe objection that broad statements of this kind, after 
flll, rest largely on. negative evidence is obvious, but it 
Jlaa less force than may at first be supposed ; for, as 
might be expected from the circumstances of the case, 
we possess more abundant positive evidence regarding 
Pishes and marine MoUusks than respecting any other 
forms of animal life ; and yet these ofl'er us, through the 
whole range of geological time, no species ordinarily 
distinct from those now living ; while the far leas 
numerous class of Echinoderms presents three, and the 
Crustacea two, such orders, though none of these come 
down later than the Palaiozoic aga Lastly, the Eeptilla 
present the extraordinary and exceptional phcenomenon 
of as many extinct as existing orders, if not more ; the 
four mentioned maintaining their existence from the 
Lias to the Chalk inclusive. 

Some years ago one of your Secretaries pointed out 
another kind of positive palaeontological evidence tend- 
ing towards the same conclusion — afforded by the 
existence of what he termed "persistent types" of vege- 
table and of animal Hfc.^ He stated, on the authority 
of Dr. Hooker, that there are Carboniferous plants which 
appear to be generically identical with some now living ; 
that the cone of the Oolitic Araucaria is hardly distiii- 



* See the abstract of a, Lecture " On tJie Persistent Types of Anfmnl Life, 
the "Notices of the Meetings of the lloyal Distitutiou irf Great P^itLiiii,' 
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guisbable from that of an existing species ; that a true 
IHnus appears in the Purbeeks, and a Juglans in the 
Chalk; wliile, from the Eagshot Sands, a Banhsia, the 
wood of which is not distinguishable from that of species 
now living in Australia, had been obtained. 

Turning to the animal kingdom, he affirmed the tabu- 
late corals of the Silurian rocks to be wonderfully like 
those which now exist ; while even the families of the 
Aporosa were all represented in the older Mesozoic 
rocks. 

Among the Molltisca similar facts were adduced. 
Xict it be borne in mind that Avicula, Mytails, Chiton, 
Natica, Patella, Trochus, Disciiia, Orbicula, Linguhx, 
Rhynchonella, and Nautilus, all of which are existing 
(/enera, are given without a doubt as Silurian in the 
last edition of " SHuria ; " while the highest forms of 
the highest Cephalopods are represented in the Lias by 
a genus, Belemnoteulhis, which presents the closest rela- 
tion to the existing 'Loligo. 

The two highest groups of the Annulosa, the Insecta 
and the Araehnida, are represented in the Coal, either 
by existing genera, or by forma differing fi'om existing 
genera in c^uite minor peculiarities. 

Turning to the Vertebrata, the only palicozoie Elaa- 
mobranch Fish of which we have any complete know- 
ledge is the Devonian and Carboniferous Pleuracanthus, 
which differs no more fi-om existing Sharks than these 
do from one another. 

Again, vast as is the number of undoubtedly Ganoid 
fossil Fishes, and great as is their range in time, a large 
mass of evidence has recently been adduced to show that 
almost all those respecting which we possess sitlBeient 
information, are referable to the same sub-ordinal groups 
as the esist'mg Lcpidosteus, Pohjpterus, and Sturgeon^ 
and that a singular relation obtains between the ohl 
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and tlie younger Fishes ; tbc former, the Devoniao 

Ganoids, being almost all members of the same sub-order 
38 Polypierus, while the Mcsozoie Ganoids are almoat 
all similarly allied to Lejpidosteus} 

Again, -what can be more remarkable than the singular 
constancy of structure preserved throughout a vast period 
of time by the family of the Pycnodonts and by that 
of the true Cffilaeantha : the former persisting, with but 
insignificant modifications, from the Carboniferous to the 
Tertiary rocks, inclusive ; the latter existing, with still 
less change, from the Carboniferous rocks to the Chalk. 
inclusive ? 

Among Reptiles, the highest living group, that of the 
Crocodilia, is represented, at the early part of the Mesozoic 
epoch, by species identical in the essential characters of 
their organization with those now living, and difiering 
from the latter only in such matters as the form of the 
articular facets of the vertebral centra, in the extent 
to which the nasid passages are sepaxated from the 
cavity of the mouth by boQc, and in the proportions 
of the limb,?. 

And even as regards the JIaramalla, the scanty 
remains of Triassic and Oolitic species afibrd no founda- 
tion for the supposition that the organization of the 
ifildest forms differed nearly so much from some of those 
[-fchich now live as these differ from one another. 

It is needless to multiply these instances ; enough has 
been said to justify the statement that, in view of the 
immense diversity of known animal and vegetable forms, 
ftnd the enormous lapse of time indicated by the accumu- 
ilation of fossiliferous strata, the only circumstance to be 
[pondered at is, not that the changes of life, as exhibited 

• "Memoirs Oi'th? Geological Sarvey of the United Kingdom,— Decades. 
Preliminary Essay upon the SjBtematic ArnLngement of the Fishes of the 
Deroniiui Epjch." 
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I by positive evidence, have been so great, but tliiit they 
[ haye beoa so smalL 

Be they great or small, however, it is desirable to 
attempt to estimate them. Let ua, therefore, take each 
great division of the animal world in succession, and, 
whenever an order or a family can be shown to have 
had a prolonged existence, let us endeavour to aaceitain 
how far the later members of the group differ from the 
earlier ones. If these later members, in all or in many 
caises, exhibit a certain amount of modification, the fact 
IB, so far, evidence in favour of a general law of change ; 
and, in a rough way, the rapidity of that change will be 
measured by the demonstrable amount of modification. 
On the other hand, it must be recollected that the 
absence of any modification, whUe it may leave the 
doctrine of the existence of a law of change without 
positive support, cannot possibly disprove all forms of 
that docti'ine, though it may anoid a sufficient refuta- 
tion of many of them. 

The PjtOTOZOA. — The Protozoa are represented through- 
out the whole range of geological series, from the Lower 
Silurian formation to the present day. The most 
ancient forms recently made known by Ehrenberg are 
exceedingly like those which now exist : no one has ever 
pretended that the difference between any ancient and 
any modern Foraminifera is of more than generic value 
.nor are the oldest Foraminifera either simpler, more 
embryonic, or less differentiated, thfoi the existing forma. 

The CcELF-Xi'ERATA. — The Tabulate Corals have existed 
from the Silurian epoch to the present day, but I am not 
aware that the ancient Ueliolites possesses a single mark 
of a more embryonic or less differentiated character, or 
less high organization, than the existing Ileliopom. As 
for the Aporose Corals, in what respect is the Silurian 
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PalcEooijclus lcs3 highly organized or more emljryomc 
ihan the modern Fungia, or tlie Liassic Aporosa thau 

'■the esisting members of the same families ? 

The Mollusca. — In whaT; sense is the living Wald- 
heimia less embryonic, or more Bpeclalized, tlian the 
palaeozoic Spinfer ; or tho existing MhijnchonellcB, Cra- 
nire, Discmfs, LingulcB, than the Silurian species of the 
same genera ? In what sense can Lollgo or Spirula 

-be said to be more specialized, or less embryonic, than 
^elemnites ; or the modem species of LaracUibranch and 
&asteropcxl genera, thau the Silurian species of the same 
[enera ? 
The Annulosa. — The Carboniferous Insecta and Arach- 
taida are neither less specialized, nor more embryonic, 

^ than those that now live, nor are the Liassie Cirripedia 
and Macrura ; while several of the Brachyura, which 
appear in the Chalk:, belong to existing genera ; and 
none exhibit either an intermediate, or an embryonic, 
character. 

The Vertebkata. — Among fishes I have referred to 
the Ccelacanthini (comprising the genera Ceelacanthus, 
Holopliagus, Undina, and Macropoma) as affording an 
example of a persistent type ; and it is most remarkable 
to not^s the smallness of the differences between any of 
these fishes (affecting at most the proportions of the 
body and fins, and the character and sculpture of the 
scales), notwithstandiug their enormous range in time 
In all the essentials of its very peculiar structure, the 
Macropoma of tho Chalk is identical with the Ccelacan- 
tJius of the Coal. Look at the genus Lepidotus, again, 
persisting without a modification of importance from the 
l,iassic to the Eocene fonnations inclusive. 

Or among the Teleostei — in what respect is the Beryx 
brf the Chalk more embryonic, or less dificrcntiatcd, than 
^cryx lincatuf, of King George's Sound 'i 
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Or to turn to the higher Vertebrata — in what sense 

are the Liassic Chelonia inferior to those which now 
exist % How are the Cretaceous Ichthyosauria, Plesio- 
sauria, or Ptei-osauria less embryonic, or more differ- 
entiatL'd, species than those of the Lias ? 

Or lastly, in what circumstance is the Phascolotherium 
more embryonic, or of a more generalized type, than the 
modern Opossum ; or a Lophiodon, or a Palteotheriuin, 
than a modem Tapirus or Hyrasc ? 

These examples might be almost indefinitely multi- 
pHed, but surely they are sufficient to prove that the 
only safe and unquestionable testimony we can procure 
— positive evidence — fails to demonstrate any sort of 
progressive modification towards a less embryonic, or less 
generalized, type in a great many groups of animals of 
long-continued geological existence. In these groups 
there ia abundant evidence of variation — none of what 
is ordinarily understood as progression ; and, if the 
known geological record is to be regarded as even any 
considerable fragment of the whole, it is inconceivable 
that any theory of a necessarily progressive development 
can stand, for the numerous orders and families cited 
afford no trace of such a process. 

But it is a most remarkable fact, that, while the 
groups which have been mentioned, and many besides, 
exhibit no sign of progressive modification, there are 
others, co-existing with them, under the same conditions, 
in which more or less distinct indications of such a 
process seem to be traceable. Among such indications 
I may remind you of the predominauce of Holostome 
Gasteropoda in the older rocks as compared with that of 
Siphonostome Gasteropoda in the later. A case less open 
to the objection of negative evidence, however, is that 
afforded by the Tetrabranehiate Cephalopoda, the forma 
of the shells and of the septal sutures exhibiting a 
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certain increase of complexity in the newer genera. 
Here, however, one is met at once with the occurence- 
of Orthoceras and BacuUtcs at the two ends of the 
series, and of the fact that one of the simplest genera, 
Nautilus, is that which now exists. 

The Criuoidea, in the abundance of stalked forms in 
the ancient formations as compared with their present 
rarity, seem to present us with a fair case of modification 
from a more embryonic towards a less embryonic con- 
dition. But then, on careful consideration of the facts, 
the objection arises that the stalk, calyx, and arms of 
the paheozoie Crinoid are exceedingly difl'erent from the 
corresponding organs of a larval Comatula ; and it might 
with perfect justice be argued that ActinocnniLs and 
Eucalyptocrinus, for example, depart to the full as 
widely, in one direction, from the stalked embryo otu 
Comatula, as Comatula itself does in the other. | 

The Echinldea, again, are frequently quoted as ex- 
hibiting a gradual passage from a more generahzed to a 
more specialized type, seeing that the elongated, or oval, 
Spatangoids appear after the spheroidal Echinoids. But 
here it might be argued, on the other hand, that the 
spheroidal Echinoids, in reality, depart further from the 
general plan and from the embryonic form than the 
elongated Spatangoids do ; and that the peeulijir dental 
npparatus and the pediceUariie of the former are marks 
of at least as great differentiation as the petaloid ambu- 
lacra and semitfe of the latter. ■ « 

Once more, the prevalence of Macruroua before Bra* | 
chyurous Podophthalraia is, apparently, a fair piece of 
evidence in favour of progressive modification in the 
game order of Crustacra ; and yet the case will not 
stand much sifting, seeing that the Jlacmrous Podoph- 
thalmia depart as far in one direction from the common 
type of Podophthalniia, or from any embrj-onic condition 
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of the Brachyura, as the Bmchyura do in the other ; 
and tliat the middle terma between Macrura and 
Brachynra — the Anoraura — are little better represented 
in the older Mosozoie rocka than the Brachyura are. 

None of the cases of progressive modification which 
are cited from among the Invertebrata appear to me to 
have a foundation less open, to criticism than these ; and 
if this be so, no careful reasoner would, I think, be in- 
clined to lay very great stress upon them. Among the 
Vertobrata, however, there are a few examples which 
appear to be far less open to objection. 

It is, in fact, true of several groups of Vertebrata 
which have lived through a considerable range of time, 
that the endoskeleton (more particularly the spinal 
column) of the older genera presents a less ossified, and, 
so far, less difierentiated, condition than that of tho 
younger genera. Thus tho Devonian Ganoids, though 
almost all members of the same sub-order as Pohjpterus, 
and presenting numerous important resemblances to the 
existing genus, which possesses biconcave vertebras, are, 
for the most part, wholly devoid of ossified vertebral 
centra. The Mesozoic Lcpidosteidas, again, have, at moat, 
biconcave vertebrae, while the existing Lepidosteus haa 
Salamandroid, opisthoccelous, vertebrse. So, none of the 
Palseozoic Sharks have shown themselves to be possessed 
of ossified vertebrae, while the majority of modem 
Sharks possess such vertebrse. Again, the more ancient 
Crocodilia and Lacertilia have vertebrte with the articular 
facets of their centra flattened or biconcave, while 
the modern members of the same group have them 
proeoalous. But the moat remarkable examples of 
progressive modification of the vertebral column, in cor- 
respondence with geological age, are those afl'orded by 
the Pycnodonts among fish, and the Labyrinthodonta 
among Amphibia. 
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Tlie late able ichthyologist Heckel pointed out the 
fact, that, while the Pycnodonta never possess true ver- 
tebral centra, tliey differ in the degree of expansion aud 
extension of the ends of the bony arches of the vertebite 
upon the sheath of the notoehord ; the Carboniferous 
forms exhibiting hardly any such expansion, while tho 
Mesozoic genera present a greater and greater develop- 
ment, until, in the Tertiary forms, the expanded ends 
become suturally united so as to form a sort of false ver- 
tebra. Hermann von Meyer, again, to whose luminous 
researches we are indebted for our present large know- 
ledge of the organization of the older Labyrinthodonts, 
has proved that the Carhoniferons Archegosaurus had 
very imperfectly developed vertebral centra, while the 
Triassic Mast?donsaurus had the same piirts completely 
ossified.^ 

The regularity and evenness of the dentition of thfi 
Anoplotherimn, as contrasted with that of existing 
Artioda^tjdes, and the assumed nearer approach of the 
dentition of certain ancient Carnivores to the typieal 
arrangement, have also been cited as exemplifications of 
a law of progressive development, but I know of no 
other cases based on positive evidence which arc worthy 
of particular notice. 

What then does an impartial sm-vey of the positively 
ascertained trutlis of palfeontology testify in relation t(J 
the common doctrines of progressive modification, which 
suppose that modification to have taken place by a ne- 
cessary progress from more to less embryonic forms, or 
from more to less generalized types, within the fimits of 
ihe period represented by the fossUiferous rooks ? 

It negatives those doctrines; for it either shows us no 

' Am this Address is passing through, tho press (Murch 7, 18G2), evideno* _ 
lies before me of the existence of a nc-w Labynnthodont {PhotiAogaaUr),. 1 
from the Edinburgh coal-field, with well-ossified Tortebml centm. 
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^H evidence of any such modification, or demonstrates it to 

^H have been very slight ; and as to the nature of that 

^ modification, it yields no evidence whatsoever that the 

earlier members of any long-continued, group were more 

generalized in structure than the later ones. To a certain 

1 extent, iudeed, it may be said that imperfect ossification 
of the vertebral column is an embryonic character; 
but, on the other hand, it would be extremely incor- 
rect to suppose that the vertebral columns of the older 
Vertebrata are in any sense embryonic in their whole 
structure. 

• Obviously, if the earliest fossiliferous rocks now known 
are coeval with the commencement of life, and if their 
contents give us any just conception of the nature and 
the extent of the eai-Iicst fauna and flora, the insig- 
nificant amount of modification which can be demon- 
strated to have taken place in any one group of animals, 
or plants, is quite incompatible with the hypothesis that 
all living forms are the results of a necessary process of 
progressive development, entirely comprised within the 

I time represented by the fossiliferous rocks. 
Contrariwise, any admissible hypthesis of progressive 
modification must be compatible with persistence with- 
out progression, through indefinite periods. And should 
Bueh an hypothesis eventually be proved to be true, in 
the only way in which it can be demonstrated, viz. by 
observation and experiment upon the existing forms of 
life, the conclusion will inevitably present itself, that the 
Palaeozoic, Mesozoic, and Cainozoic fauufB and florre, 
taken together, bear somewhat the same proportion to 
the whole series of living beings which have occupied 
this globe, as the existing fauna and flora do to them. 
Such are the results of paleontology as they appear, 
and have for some years appeared, to the mind of an 
inquirer who regards that study simply as one of thi 
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applications of the great biological sciences, and who 
desires to see it placed upon the same sound basis as 
other branches of physical inquiry. If the arguments 
which have been brought forward are valid, probably no 
one, in view of the present state of opinion, will be 
inclined to think the time wasted which has been spent 
upon their elaboration. 
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reform in gEoIogim! speculation sccma now to have Iccome 

3 quite certnin tlint a f^cat mistake lias been made, — that British 
popnlar geology at the present time ia in direct opposition to the principles 
of Natural Philosophy,"' 

In reviewing the course of geological tliouglit during 
the past year, for the pmpose of discovering those 
matters to which I might most fitly direct your attention 
in the Address which it now becomes my duty to deliver 
from the Presidential Chair, the two somewhat alarming 
aentenees which I have just read, aud wliieh occur in 
an able and interesting essay by an eminent natural 
philosopher, rose into such prominence before my mind 
that they eclipsed everything else. 

It surely is a matter of paramount importance for the 
British geologists {some of them very popular geologists 
too) here in solemn annual session assembled, to inquire 
whether the severe judgment thus passed upon them by 
so high an authority as Sir William Thomson is one to 
which they must plead guilty sans phrase, or whether 
they are prepared to say "not guilty," and appeal for a 
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reversal of the sentence to that higher court of educated' 
Bcieotific opinion to which we are all amenable. 

As 3"our attorney-general for the time being, I thought 
I could not do better than get up the case with a view 
of advising you. It is true that the chargea brought 
forward by the other side involve the consideration of 
mattera quite foreign to the pursuits with which I aui 
ordinarily occupied ; but, in that respect, I am only in 
the position which is, nine times out of ten, occupied by 
counsel, who nevertlieless contrive to gain their causes, 
mainly by force of mother-wit and common sense, aided 
by some training in other intellectual exercises. 

Nerved by such precedents, I proceed to put my 
pleading before you. 

And the first question with which I propose to deal 
is, What is it to which Sir W. Thomson refers when he 
speaks of " geological speculation " and " British popular 
geology " ? 

I find three, more or less contradictory, systems of 
geological thought, each of which might fairly enough 
claim these appellations, standing side by side in Britain. 
I shall call one of them Catastrophism, another Uni- 
FORMITAELANISM, the third E\'OLDTiosisM ; and I shall 
try briefly to sketch the characters of each, that you may 
say whether the classification is, or is not, exhaustive. 

By Catastrophism, I mean any form of geological 
speculation which, in order to account for the phenomena 
of geology, supposes the operation of forces different in 
their natm'o, or immeasurably different in power, from 
those which we at present see in action in the universe. 

The Mosaic cosmogony is, in this sense, catastrophic, 
because it assumes the operation of extra-natural power. 
The doctrine of violent upheavals, dchdcles, and catar 
olysms in general, is catastrophic, so far as it assumes 
that these were brought about by escvvsfcft VsiiiJQ. Nj.-awe. 
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now BO paralle!. There was a time when cataati-ophism 
xuiglit, pre-eminently, have claimed the title of " British 
popular geology;" and assuredly it has yet many ad- 
herents, and reckons among its supporter some of the 
mnst honoured members of this Society, 

By Uniformitarianism, I mean especially, the teach- 
ing of Hutton and of Lyell. 

That great though incomplete work, "The Theory of 
the Earth, seems to me to be one of the most remarkable 
contributions to geology which is recorded in the annals 
of the science. So fiir as the not-living world is con- 
cerned, uniformitarianism lies there, not only in germ, 
but in blossom and fruit. 

If one asks how it is that Hutton was led to entertain 
views GO far in advance of those prevalent in his time, in 
some respects; while, in others, they seem almost curi- 
ously limited, the answer appears to me to be plain. 

Hutton was in advance of the geological speculation 
of his time, because, in the first place, he had amassed a 
vast store of knowledge of the facts of geology, gathered 
by personal observation in travels of considerable extent ; 
and because, in the second place, he was thoroughly 
trained in the physical and chemical science of his day, 
and thus possessed, as much as any one in his time 
could possess it, the knowledge which is requisite for 
the just interpretation of geological phsenomena, and 
the habit of thought which fits a man for scientific 
inquiry. 

It is to this thorough scientific training, that I ascribe 
Hutton's steady and persistent refusal to look to other 
causes than those now in operation, for the cxplanaticu 
pf geological pliBenomenn,. 

Thus he writes : — " I do not pretend, as he [M. de Luc] 
does in his theory, to describe the beginning of thijigs. 
/ ftiip things such as I find them at present ; and 
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from these I rcaaon with regard to that which must 
liave been." ' 

And again: — "A theory of the earth, which has for 
object truth, can have no retrospect to that which had 
preceded the present order of the world ; for this order 
aJone is what we have to reason upon ; and to reason 
without data is nothing but delusion. A theory, there- 
fore, which is limited to the actual constitution of this 
earth cannot be allowed to proceed one step beyond the 
present order of things." ^ 

And so clear is he, that no causes beside such as are 
now in operation are needed to account for the character 
and disposition of the components of the crust of the 
earth, that he says, broadly and boldly : — " . . . There 
is no part of the earth which has not had the same 
origin, so far as this consists in that earth being collected 
at the bottom of the sea, and afterwards produced, 
as land, along with masses of melted subatauees, by the 
operation of mineral causes."^ 

But other influences were at work upon Hutton Tieside 
those of a mind logical by Nature, and scientific by 
Bound training ; and the peculiar turn wiiich his specu- 
lations took seems to me to be unintelligible, unless these 
be taken into account. The arguments of the French 
astronomers and mathematicians, which, at the end of 
the last century, were held to demonstrate the existence 
of a compensating arrangement among the celestial 
bodies, whereby all perturbations eventually reduced 
themselves to oscUlationa on each side of a mean po- 
eition, and the stability of the solar system was secui-ed, 
had evidently taken strong hold of Hutton's mind. 

In those oddly constructed periods which seeui to have 
prejudiced many persona against reading his works, but 

' The Theory of tie Errlli, toI. L p. ]"3- tote. ^iiii.-ii.^SS*. 

• Ibid. p. 'SIX, 
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whkh are full of that peculiar, if unattractive, eloquence 
which flows from mastery of the subject, Hutton saya : — 

" We have now got to the end of our reasoning , we 
have no data further to conclude immediately from that 
which actually is. But we have got enough ; we have 
the satisfaction to find, that in Nature there is wisdom, 
ByBtem, and consistency. For having, in the natural 
lustory of this earth, seen a succession of worlds, we 
may from this conclude that there is a system in Nature ; 
in like manner as, from seeing revolutions of the planets, 
it ia concluded, that there is a system by which they are 
intended to continue those revolutions. But if the sue 
cession of worlds is established in the system of Nature, 
it is in vain to look for anything higher in the origin of 
the earth. The result, therefore, of this physical inquiry 
is, that we find no vestige of a beginning,— no prospeet 
of an end." ' 

Yet another infiuence worked strongly upon Hutton. 
Like most philosophers of his age, he coquetted witli 
those final causes which have been named barren virgins, 
, but which might be mora fitly termed the hetairm of 
philosophy, so constantly have they led men astray. 
The fijial cause of the existence of the world is, for 
Hutton, the production of life and intelligence. 

" We have now considered the globe of this earth 
as a machine, constructed upon chemical as well as 
mechanical principles, by which its different parts are all 
adapted, in form, in quality, and in quantity, to a certain 
end ; an end attained v.'ith certainty or success ; and an 
end from which we may perceive wisdom, in contem- 
plating the means employed, 

" But ia this world to be considered thus merely as a 
machine, to last no longer than its parts retain theib 
present position, their proper forms and qualitie 

' The Tlieary of the Eiirth, vol. L p. 200. 
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may it not be also considered aa an organized body ? 
such a.a has a constitution in which the necessary decay 
of the machine ia naturally rcpaifed, in the exertion of 
those productive powers by which it had been formed. 

" This is the view in which we ai-e now t« examine 
tlie globe ; to eoe if there be, in the constitution of this 
world, a reproductive operation, by which a ruined con- 
stitution may be again repaired, and a duration or 
stability thus procured to the machine, considered as a 
world sustaining plants and animals."^ 

Kirwan, and the other Philistines of the day, accused 
Button of declaring that his theory implied that the 
world never had a beginning, and never differed in 
condition from its present state. Nothing could be more 
grossly unjust, as he expressly guards himself against 

I any such, conclusion in the following terms : — ■ 
" But in thus tracing back the natural operations 
which have succeeded each other, and mark to us the 
course of time past, we come to a period in which we 
cannot see any farther. This, however, is not the 
beginning of the operations which proceed in time and 
according to the wise economy of this world; nor ia it 
the establishing of that which, in the course of time, 
had no beginning; it is only the limit of our retrospec- 
tive view of those operations which have come to pass 
in time, and have been conducted by supreme intel- 
ligence."* 

I have spoken of Uniformitarianism as the doctrine of 
Button and of LycU. If I have qnoted the older writer 
rather th[tn the newer, it ia because his works are little 
known, and his claims on our veneration too frequently 
forgotten, not because I desire to dim the fame of his 
eminent successor. Few of the present generation of geo- 
BL,logists have read Playfair's " Illustrations," fewer BtiU the 
> The Thcoi7 of the Earth, vol. L pp. 16, 17. * Ibid. p. ZZZ, 
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original " Theory of tlie Earth ; " the more is the pity 
but which of us has not thumbed every page of tha.^ 
" Principles of Geology " ? I think that he who writea 
fairly the history of his own progress in geological 
thought, will not be able to separate his debt to Hutton 
from hia obUgations to T^yeU ; and the history of the 
progress of individual geologists is the history of geology. 
No one can doubt that the influence of uniformitarian 
views has been enormous, and, in the main, most 
beneficial and favourable to the progress of soi 
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Nor can it be questioned that Uniformitarianism 1 _ 
even a stronger title than Catastrophisra to call itself the 
geological speculation of Britain, or, if you will, British 
popular geology. For it is eminently a Ijritish doctrine, 
and has even now made comparatively little progreeaj 
on the continent of Europe. Nevertheless it seema to 
mc to be open to serious critieiam upon one of it< 
aspects. 

I have shown how unjust was the insinuation thai 
Hutton denied a beginning to the world. But it would* 
not be unjust to say that he persistently, in practice, 
shut hia eyes to the existence of that prior and dilferent 
state of things which, in theory, he admitted ; and, in, 
this aversion to look beyond the veil of stratified rocb 
LyeU follows him. 

Hutton and Lyell alike agree in their indispositioft i 
to carry their speculations a step beyond the period 
recorded in the most" ancient strata now open to obser- 
vation in the crust of the earth. This is, for Hutton, 
t" the point in which we cannot see any farther ; " while 
Lyell tells us, — 

" The astronomer may find good reasons for ascribing 
the earth's form to the original fluidity of the mass, u 
times long antecedent to the first introduction of liviii» 
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beings into tlie planet ; but tlic geologist must be content 
to regard the earliest monuments which it is his task to 
interpret, as belonging to a period when the crust had 
alruady acquired great solidity and thickness, probably 
aa great aa it now possesses, and when volcanic rocks, 
Dot essentially differing from those m^ " produced, were 
formed from time to time, the intensity of volcanic heat 
Ijijing neither greater nor less than it is now." ^ 

And again, "As geologists, we learn that it is not only 
the present condition of the globe which has been suited 
to the accommodation of myriads of living creatures, but 
that many former states also have been adapted to the 
organization and habits of prior races of beings. The 
disposition of the seas, continents and islands, and the 
climates, have varied ; the species likewise have been 
changed ; and yet they have all been so modelled, on 
types analogous to those of existing plants and animals, 
as to indicate, throughout, a perfect harmony of design 
and unity of purpose. Tp assume that the evidence of 
the beginning, or end, of so vast a scheme lies within 
the reach of our philosophical inquiries, or even of our 
speculations, appears to be inconsistent with a just 
e&timate of the relatious which subsist between the finite 
powers of man and the attributes of an infinite and 
eternal Being," ^ 

The limitations implied in these passages appear to 
me to constitute the weakness and the logical defect of 
uniform itarianism. No one will impute blame to Hutton 
that, in fate of the imperfect condition, in bis day, of 
those physical sciences which furnish the keys to the 
riddles of geology, he should have thought it practical 
wisdom to limit his theory to an attempt to account for 
" the present order of things ; " but 1 am at a loss to com- 
prehejid why, for all time, the geologist must be content 
' Piinoiples of Geology, voL iL p, 211. ' Ibid, p. G13, 
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to rcgani tbc oldest fossiliferoua rocks as the ultima 
Tkule of bis science ; or what there is inconsistent with 
tlie rehitions between the finite and the infinite mind, in 
the assumption, that we may discern somewhat of the 
beginning, or of the end, of this speck in space we call 
our earth. The finite mind is certainly competent to 
trace out the development of the fowl within the egg ; 
and I know not on what ground it should find more 
difficulty in unravelling the complexities of the develop- 
ment of the earth. In fact, as Kant has well remarked, ^ 
the cosmical process is really simpler than the biological 

This attempt to limit, at a particular point, the progress 
of inductive and deductive reasoning from the tbinga 
which are, to those which were — this faithlessness to its 
own logic, seems to me to have cost Uniformitarianism 
the place, as the permanent form of geological specula- 
tion, which it might otherwise have held. 

It remains that I should put before you what I 
imderstand to be the third phase of geological speci ' 
tion — namely. Evolutionism. 

1 shall not make what I have to say on this hi 
clear, unless I diverge, or seem to diverge, for a while, 
from the direct path of my discourse, so far as to explain 
what 1 take to be the scope of geology itself. I conceive 
geology to be the history of the earth, in precisely the 
same sense as biology is the history of liviog beings ; 
and I trust you will not think that I am overpowered by 
the influence of a dominant pursuit if I say that It] 
& close analogy between these two histories. 

K I study a living being, under what beads does 
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' "Man darf es sich also nicht befrcmden lasaEii, wenn ich micli nntei 
III aagen, dus3 eher die Bildung aller HimmeUkoiper, die Ursacbe 
BewMUii{;en, kura der Urapning der ganzen gegenwartigen Verfassuag 
WeltMuca werden kiinnen eiiigeseheu werden, elie die Er/eujiung eine? 
Stozigen Erautes oder einer Raiipe aus mechanisclien Griinden, dei.tlich vaA 
Ti^atdDdig kuad verden wild." — Kant's Hiimmtiiche Werke, Bd. I. p. 230 
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knowledge I obtain fall ? I can learn its structure, or 
■what we call its Axatomt ; and its Development, or 
the series of changes which it passes through to acquire 
its complete structure. Then I find that the living 
being haa ceilain powers resulting from its own acti- 
vities, and the interaction of these with the activities of 
other things — the knowledge of which is PHysiOLOQY. 
Beyond this the living being haa a position in space and 
time, which is its Disteibxjxion. All these form the 
body of ascertainable facts which constitute the status 
quo of the living creature. But these facta have their 
causes ; and the ascertainment of these causes is the 
doctrine of jEtiology. 

If we consider what is knowable about the earth, we 
shall find that such earth-knowledge — if I may so trans- 
late the word geology — falls into the same categories. 

What is termed stratigraphical geology is neither more 
nor less than the anatomy of the earth ; and the histor}' 
of the succession of the formations is the history of a 
succession of such anatomies, or corresponds with deve- 
lopment, as distinct from generation. 

The internal heat of the earth, the elevation and 
lepression of its crust, its belchings forth of vapours, 
ashes, and lava, are its activities, in as strict a sense, as are 
warmth and the movements and products of respiration 
the activities of an animal. The phEcnomcna of the 
Bcasons, of the trade winds, of the Gulf-stream, are as 
much the results of the reaction between these inner 
activities and outward forces, as are the budding of the 
leaves in spring and their falUng in autumn the efiecta 
of the interaction between the organization of a plant 
and the solar light and heat And, as the study of the 
activities of the living being is called its physiology, so 
are these phsenomena the subject-matter of an analogous 
telluric physiology, to which we sometimes ^ve tha 
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I 'Uamc of meteorology, sometimes ttat of physical geo- 
[ "firaphy, sometimes that of geology. Again, the earth 
has a place in space and in time, and relations to other 
bodies in both these respects, which constitute ita distri- 
bution. This subjfct is usually left to the astronomer; 
but a knowledge of its broad outlines seems to me to be 
an essential constituent of the stock of geological ideas. 

All that can be ascertained concerning lite structure, 
succession of conditions, actions, and position in space of 
the earth, is the matter of fact of its natural history. 
But, as in biology, there remains the matter of reasoning 
from these facta to their causes, which is just as much 
science as the other, and indeed more ; and this consti- 
tntea geological tetiology. 

Having regard to this general seheme of geological 
knowledge and thought, it is obvious that geological 
speculation may be, so to speak, anatomical and develop- 
mental speculation, so far as it relates to points of strati- 
graphical arrangement which are out of reach of direct 
observation ; or, it may be physiological speculation, so 
far as it relates to undetermined problems relative to the 
activities of the earth ; or, it may be distributional specu- 
lation, if it deals with modifications of the earth's place 
in space; or, finally, it wUl be ^etiological speculation, if 
it attempts to deduce the history of the world, aa a 
whole, from the known properties of the matter of the 
earth, in the conditions in which the earth has been placed. 
For the purposes of the present discourse I may take 
this last to be what is meant by " geological speculation." 

Now uniformitarianism, as we have seen, tends to _ 
ignore geological speculation in this sense altogether. 

The one point the catastrophists and the uniform^ 
tarians agreed upon, when this Society was founded, wt^ 
to ignore it. And you wUl find, if you look back ind 
our records, that our revered fathers in geology plumec 
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themselves a good ^oal upon the practical eeuse and 
wisdoiii of this proceeding. As a temporary measure, I 
do not presume to challenge its wisdom ; but in all 
organized bodies temporary changes are apt to produce 
permanent effects ; and as time has slipped by, altering 
all the conditions which may have made such mortifica- 
tion of the scientific flesh desirable, I think the efi'ect of 
the stream of cold water which has steadily flowed over 
geological speculation within these waUs has been of 
doubtful beneficence. 

The sort of geological speculation to which I am no' 
referring {geological istiologyj in short) was created, 
!i science, by that famous philosopher Immauuel Kant^ 
when, in 1755, he wrote his " Genei'al Natural History 
and Theory of the Celestial Bodies ; or an Attempt to 
account for the Constitution and the Mechanical Origin 
of the Universe upon Newtonian principles."^ 

In this very remarkable but seemingly little-known 
treatise,^ Kant expounds a complete cosmogony, in the 
shape of a theory of the causes which have led to the deve- 
lopment of the univerae from diffused atoms of matter 
Iidowcd with simple attractive and repulsive forces. 
" Give me matter," says Kant, " and I will build the 
orld;" and he proceeds to deduce from the simple 
ita from which he starts, a doctrine in all essential re- 
jects similar to the well-known "Nebular Hj-pothesis" 
: Laplace.^ He accounts for the relation of the masses 
and the densities of the planets to their distances from 
the auu, for the eccentricities of their orbits, for their 
rotations, for their satellites, for the general agreement 

Grant C History of PLyaioal Aatrononiy," p. 574) ciiikea but tho briefest 
■rence to Eant. 
■ ■"Alljieineine Nnturgescliiclite und TLeorie dcs Himmela ; olcr Vcrsuch 
Mon der Verfessiing und deiu niechaniaclien Urspninge dea guBien Weltgs- 
b^odea nach Na» tim'Bchen Grundadtzen abgchdadelt," — Kami's ijaoimriicf'" 
WtrU, Bd. i. p. 207. 
■Syatfeme du Moude, tonw U. chap, & 
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In the direction of rotation amon? the celestial bodies, 
for Saturn's ring, and for the zodiacal light He finds 
in each system of worlds, indications that the attractive 
force of the central mass will eventually destroy its orga- 
nization, by concentrating upon itself the matter of the 
whole system ; but, as the result of this concentration, 
he argues for the development of an amount of heat 
which will dissipate the mass once more into a molecular 
chaos such as that in which it began. 

Kant pictures to himself the universe as once an 
infinite expansion of formless and diffused matter. At 
one point of this he supposes a single centre of attraction 
set up ; and, by strict deductions from admitted dynamical 
principles, shows how this must result in the development 
of a prodigious central body, surrounded by systems of 
solar and planetary worlds in all stages of development. 
In vivid language he depicts the great world-maelstrom, 
widening the margins of its prodigious eddy in the slow 
progress of millions of ages, gradually reclaiming more 
and more of the molecular waste, and converting chaos 
into cosmos. But what is gained at the margin is lost 
in the centre ; the attractions of the central systems 
bring their constituents together, which then, by the heat 
evolved, arc converted onee more into molecular chaos. 
Thus the worlds that are, lie between the ruins of the 
worlds that have been and the chaotic materials of the 
worlds that shall be ; and in spite of all waste and 
destruction. Cosmos is extending his borders at the 
expense of Chaos. 

Xant's further application of his views to the earth 
itself is to be found in his " Treatise on Physical Geo- 
graphy"^ (a term under which the then unknown science 
of geology was included), a subject which he had studied 
with very great care and on which he lectured for maaj 
' Kont'f! "Sammtliche Wcrte," Bd. viii. p. 145. 
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rears. The fourth section of the first part of this 
Treatise is called " History of the great Changes which 
the Earth has formerly undergone aud is stiJl undergoing," 
and is, in fact, a brief and pregnant essay upon the prin- 
ciples of geology. Kant gives an account first "of the 
gradual changes which are now taking place" under 
the heads of such as are caused by earthquakes, such 
as are brought about by rain and rivers, such as ars 
eflfected by the sea, such as are produced by windo 
and frost ; and, finally, such as result from the opcra- 
iioDs of man. 

The second part is devoted to the " Memorials of the 
Changes which the Earth has undergone in remote an- 
tiquity." These are enumerated as : — A. Proofs that 
the sea formerly covered the whole earth. B. Proofs 
that the sea has often been changed into dry land and 
then again into sea. C A discussion of the various 
theories of the earth put fonvard by Seheuchzer, Moro, 
Bonnet, Woodward, White, Leibnitz, Linuseus, and 
Buffon. 

The third part contains an "Attempt to give a sound 
explanation of the ancient history of the earth." 

I suppose tliat it would be very easy to pick holes in 
the details of Kant's speculations, whether cosmologieal, 
or specially telluric, in their application. But, for all 
that, he secras to me to have been the first person to 
frame a complete system of geological speculation by 
founding the doctrine of evolution. 

With as much truth as Hutton, Kant could say, "I 
take things just as I find them at present, and, from 
these, I reason with regard to that which must have 
been." Like Hutton, he is never tired of pointing 
out that "in Nature there is wisdom, system, and con- 
sistency." And, as in these great principles, so in believ- J 
ing that the cosmos has a reproductive operation "hfT 



I„ „_.„ 1 

le for- 
me to 

lation 

begia^H 



I 

I 



which a rained constitution may be repaired," he for- 
etulls llutlon ; while, on the other hand, Kant is true to 
science. }Ie knows no bounds to geological speculation 
but those of the intellect. He reasons back to a begi] 
ning of the present state of things ; he admits the pi 
bility of an end. 

I have said that the three schools of geological specu- 
lation which I have termed Catastrophism, Uniformi- 
tarianism, and Evolutionism are commonly supposed to 
be antagonistic to one another ; and I presume it will 
have become obvious that, in my belief, the last is 
, destined to swallow up the other two. But it is proper 
to remark that each of the latter has kept alive the 
4itioii of precious truths. 

Catasteopuism has insisted upon the existence of 
practically unlimited bank of force, on which the theorist 
might draw ; and it has cherished the idea of the de- 
velopment of the earth from a state in which its form, 
i8nd the forces which it exerted, were very different from 
those we now know. That such difference of form and 
ipower once existed is a necessary part of the doctrine of 
evolution. 

UNiFORMiTAElANiaM, on the other hand, has witli 
equal justice insisted upon a practically unlimited bank 
of time, ready to discount any quantity of hypothetical 
paper. It has kept before our eyes lie power of the 
infinitely little, time being granted, and has compelled us 
to exhaust known causes, before Hying to the unknown. 

To my mind there appears to be no sort of necessary 
theoretical antagonism between Catastrophism and Uni- 
foimitarianism. On the contrary, it is very conceivable 
that catastrophes may be part and parcel of uniformity. 
Iiet me illustrate my case by analogy. The worldng of 
ft clock is a model of uniform action ; good timo-keepinff; 
means uniformity of action. But the Eti'iking of tlitt[ 
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ik is essentiaUy a catastroplie ; the hammer might be 
.dc to blow up a barrel of gunpowder, or turn on a 
4elugc of water ; and, by proper aiTangement, the clock, 
instead of marking the hours, might strike at all sorts of 
irregular periods, never twice alike, in the intervals, 
force, or number of its blows. Nevertheless, all these 
irregular, and apparently lawless, catastrophes would be 
the result of an absolutely uniformitarian action ; and 
we might have two schools of clock-theorists, one 
BtudyiDg the hammer aud the other the pendulum. 

Still less is there any necessary antagonism between 
either of these doctrines and that of Evolution, which 
eml^iraees all that is sound in both Catastrophism and 
Uniformitarianism, while it 'rejects the arbitrary assump- 
tions of the one and the, as arbitrary, limitations of the 
otiicr. Nor is the value of the doctrine of Evolution to the 
philosophic thinker diminished by the fact that it applies 
the same method to the living and the not-living world ; 
and embraces, in one stupendous analogy, the growth 
of a solar sj-stera from molecular chaoa, the shaping 
of the earth from the nebulous cubhood of its youth, 
through innumerable changes and immeasurable ages, 
to its present form; and the development of a living 
being from the shapeless mass of protoplasm we term a 

I do not know whether Evolutionism can claim that 
amount of currency which would entitle it to be called 
"^ .tiah popular geology ; but, more or less vaguely, it is 
'dly present in the minds of most geologists. 

Such being the three phases of geological speculation, 
we are now in position to inquire which of these it is 
that Sir AVilliam Thomson calls upon us to reform in 
the passages which I have cited. 

It ie obviously Uniformitarianism which the 
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tinguislied ptysicist takes to be the representative of 
geological speculation ia general And thus a first 
issue is raised, inasmuch aa many peraoos (and those 
not the least thoughtful among the younger geologists) 
do not accept strict Uniformitarianism as the final form 
of geological speculation. We should say, if Hutton 
and Playfair declare the course of the world to have 
been always the same, point out the fallacy by aJl means ; 
but, in so doing, do not imagine that you arc proving 
modem geology to be in opposition to natural phi- 
losophy. I do not suppose that, at the present day 
any geologist would be found to maintain absolute 
Uniformitarianism, to deny that the rapidity of the 
rotation of the earth Tnay be diminishing, that the sun 
•may be waxing dim, or that the earth itself Tnay be 
cooling. Most of ua, I suspect, are Gallios, " who care 
for none of these things," being of opinion that, true 
or fictitious, they have made no practical difference to 
the earth, during the period of which a record is pre- 
Berved in stratified deposits. 

The accusation that we have been running counter to 
ihe principles of natural philosophy, therefore, is devoid 
of foundation. The only question which can arise is 
whether we have, or have not, been tacitly making 
assumptions which are in opposition to certain con- 
clusions which may be drawn from those principles. 
And this question subdivides itself into two : — tho first, 
are we really contravening such conclusions ? the second, 
if we are, are those conclusions so firmly based that we 
may not contravene them ? I reply in the negative to 
both these questions, and I will give you my reasons 
for 80 doing. Sir William Thomson believes that he 
is able to prove, by physical reasonings, "that the 
existing state of things on the earth, life on the earth 
— all geological history showing continuity of life — • 
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must be limited within some snch period of time as ona 
hundred milliou years" (loc. cit. p. 25). 

The first inquiiy which arises plainly is, has it ever 
been denied that this period may be enough for the 
purposes of geology ? 

The discussion of this question ia greatly eraban-assed 
by the vagueness with which the assumed limit ia, I 
v^U not say defined, but indicated, — "some such period 
of past time as one hundred million years." Now 
does this mean that it may have been two, or three, or 
four hundred million years % Because this really makes 
all the difierence.^ 

I presume that 100,000 feet may be taken as a full 
allowance for the total thickness of stratified rocks con- 
taining traces of life ; 100,000 divided by 100,000,000 
=0-001. Consequently, the deposit of 100,000 feet of 
fitratified rock in 100,000,000 years means that the 
deposit has taken pliice at tlie rate of x^gn of a foot, or, 
say, fV of an inch, per annum. 

Well, I do not know that any one is prepared to main- 
tain that, even making all needful allowances, the 
stratified rocks may not have been formed, on the 
average, at the rate of ^V of ^m 'v!u^\l per annum. 
I suppose that if such could be shown to be tlie 
limit of world-growth, we could put up with the 
allowance without feeling that our speculations had 
undergone any revolution. And perhaps, after all, the 
qualifying phrase "some such period" may not ncees- 
. eitate the assumption of more than rir or -Ei-F or rrr o£ 
an inch of deposit per year, which, of course, would 
give OS EtUl more ease and comfort. ^J 

But, it may be said, that it is biology, and not geology, ^| 

' Sir Williim TlioraBon iniplifs (loc. cit. p, 16), tliiit the precise time ia of 
no conaeqiience : " tlie principle is the siuno ;" but, as the principle ia 
admitted, the whole discuaaiou turns oa its practical lesulta. 
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which asks for 80 much time — that the succession 
life demands vast intervals ; but this appears to me to 
be reasoning in a circle. Biology takes her time &om 
geology. The only reason we have for believing in the 
slow rate of the change in living forms is the fact that 
they persist through a series of deposits which, geology 
informs us, have taken a long whole to make. If the 
geological clock is wrong, all the naturalist will have to 
do is to modify his notions of the rapidity of change 
accordingly. And I venture to point out that, when we 
are told that the limitation sf the period during which 
living beings have inhabited this planet to one, two, or 
three hundred milli on years requires a complete revolu- 
tion in geological speculation, the onus prohaiidi rests 
on the maker of the assertion, who brings forward not 
a shadow of evidence in its support 

Thus, if we accept the limitation of time placed before 
us by Sir W. Thomson, it is not obvious, on the face 
of the matter, that we shall have to alter, or reform, 
our ways in any appreciable degree ; and we may there- 
fore proceed with much calmness, and indeed much 
indifference, aa to the result, to inquire whether that 
limitation is justified by the arguments employed in its 
support. 

These arguments are three in number ;— 

I. The hi-st is based upon the undoubted fact that the 
tides tend to retard the rate of the eailh's rotation upon 
its axis. That this must be so is obvious, if one con- 
siders, roughly, that the tides result from the pull which 
the 8uu and the moon exert upon the sea, causing it to 
act aa a sort of break upon the rotating soUd earth. 

ICaut, who was by no means a mere " abstract philo- 
BOpher," but a good mathematician and well versed in 
the physical science of hia time, not only proved this in 
an essay of exquisite clearness and intelligibility, bow 



Km geological reform. 24!I ^I 

more tlan a century old,* but deduced from it some of 
its more important conscqueuccs, such as the constaut 
turning of ouu face of the mooa towards the earth. 

But there is a long step from the demonstration of a 
tendency to the estimation of the practical value of that 
tendency, which is aU with which we are at present 
concerned. The facts beaiing on this point appear tq ^^ 
stand as follow : — ^| 

It is a matter of observation that the moon's mean ^m 
motion is (and has for the last 3,000 years been) mider- 
going an acceleration, relatively to the rotation of the 
earth. Of course this may result from one of two 
causes ; the moon may really have been luoving more 
swiftly in its orbit; or the earth may have been rotating 
more slowly on its axis. 

Laplace believed he had accounted for this phseno- 
menon by the fact that tlie eccentricity of the earth's 
orb it has beendiminishing throughout these 3,000 yeara. 
This would produce a diminution of the mean atti-action 
of the sun on the moon ; or, in other words, an increase 
in the attraction of the earth on the moon ; and, con- 
sequently, an increase in the rapidity of the orbital 
motion of the latter body. Laplace, therefore, laid the 
responsibility of the acceleration npou the moon, and 
if his views were correct, the tidal retardation must 
either be insignificant in amount, or be counteracted by 
Eome other agency. 

Our great astronomer, Adams, however, appears to 
have found a flaw in Laplace's calculation, and to have 
shown that only half the observed retardation could be 
accounted for in the way he had suggested. There 

* " UDf«tsoclnitig der Frage ob die Erde in ihrer Unidreliung nm dia 
Achse, wodnich aio die ALwecliselung des Tayes und der Nuclit liervurbringt, 
einke Verjndening seit den erstea Zeitea ilii'ei Uiapruii^'ca eviittea habe, 
&«.'^— Kant's iSumwilklu U'trke, iJd. L p. 178. 
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remains, therefore, the other half to be accounted for ; 
and here, in the absence of all positive knowledge, three 
6ets of hypotheses have been suggested. 

(a.) M. Delaunay suggests that the earth is at fault, la 
consequence of the tidal retardation. Messrs. Adams, 
Thomson, and Tait work out this suggestion, and, " on 
a certain assumption as to the proportion of retardations 
due to the sun and moon," find the earth may lose 
twenty-two seconds of time in a century from this cause.' 

(6.) But M. Dufour suggests that the retardation of the 
earth (which is hypothetically assumed to exist) may be 
due in part, or wholly, to the increase of the moment 
of inertia of the earth by meteors falling upon its surface. 
This suggestion also meets with the entire approval of 
Sir "W. Thomson, who shows that meteor-dust, accumu- 
lating at the rate of one foot in 4,000 years, would 
account for the remainder of retardation.' 

(c.) Thirdly, Sir W. Thomson brings forward an hypo- 
thesis of bis own with respectto the cause of the hypo- 
thetical retardation of the earth's rotation ; — 

"Let us suppose ice to melt from the polar regions 
(20° round each pole, we may say) to the extent of 
something more than a foot thick, enough to give I'l 
foot of water over those areas, or 0'006 of a foot of 
water if spread over the whole globe, which would, in 
reality, raise the sea-level by only some such undiscover- 
able difference as three-fourths of an inch or an inch. 
This, or the reverse, which we believe might happen any 
year, and could certainly not be detected without far 
more accurate observations and calculations for the mean 
Bea-Ievel than any hitherto made, would slacken or 
quicken the earth's rate as a timekeeper by one-tenth of 
a second per year." ■ 

I do not presume to throw the slightest doubt upoo 
» Sir W. Thomson, lot dt., p. 14. ■Loo, at, p. 87. ■ Ibid. 



r I 

^B.1 GEOLOGICAL REFORM. 249'^| 

the accaracy of any of the calculations made by such. ^| 
distinguiahed mathematicians as those who have made ^1 
the fluggeations I have cited. On the contrary, it is 
neccasaiy to my argument to assume that they are all 
correct But I desire to point out that this seems to be 
one of the many cases in which the admitted accuracy of 
mathematical process is allowed to throw a wholly 
inadmissible appearance of authority over the results 
obtained by them. Mathematics may be compared to a 
mill of exquisite workmanship, which grinds you stuff of 
any degree of fineness ; but, nevertheless, what you get 
out depends upon what you put in ; and as the grandest ^ 
mill in the world wLU not extract wheat-Hour from ^| 
p^ascods, so pages of formulas will not get a definite -^B 
result out of loose data. ™ 

In the present instance it appears to be admitted : — 
1 That it is not absolutely certain, after all, whether 
the moon's mean motion is undergoing acceleration, or ^m 
the earth's rotation retardation.^ And yet this is tJia:-^^ 
key of the whole position. ^| 

2. If the rapidity of the earth's rotation is diminishing, ^ 
it ia not certain how much of that retardation is due to 
tidal friction, — how much to meteors, — how much to 
possible excess of melting over accumulation of polai 
ice, during the period covered by observation, which^ 
amounts, at the outside, to not more than 2,600 years. I 

3. The effect of a different distiibution of land andq 
water in modifying the retardation caused by tidal I 
friction, and of reducing it, under aorae circumstances, I 
to a minimum, docs not appear to be taken into J 
HAiCOunt. ( 

4 During the Jliocene epoch the polar ice was cer* 1 
lainly many feet thinner than it has been during, ot.I 

' It will be nndorstood that I do not vishto denj tint tlie earth's rotatiol I 
Crny 6t undergoing returdution. 



LAr SERMOM, ADDRESSES, ANH REVIEWS. [ki. 

IBnce, the GlacLil epoch. Sir W. Thomson tells us that 
itiie accumulation of something more than a foot of 
I ice around the poles (which implies the withcLtawal ofj 
taay. an inch of water from the general surface of the 
I flea) will cause the earth to rotate quicker by one-tenth 
I of a second per annum. It would appear, therefore, 
tthat the earth may have heen rotating, throughout the 
I whole period which has elapsed from the commencement 
' of the Glacial epoch down to the present time, one, or 

more, seconds per annum quicker than it rotated during 

the Miocene epoch. 

But, acording to Sir W. Thomson's calculation, tidal 

retardation will only account for a retardation of 22" in 

a century, or " * (say -j) of a second per annum. 

I Thus, assuming that the accumulation of polar ice 
since the Miocene epoch has only been sufficient to 
produce ten times the effect of a coat of ice one foot 
thick, we shall have an accelerating cause which covers 
all the loss from tidal action, and leaves a balance 
of -J- a second per annum in the way of acceleration. 
If tidal retardation can be thus checked and over- 
thrown by other temporary conditions, what becomes 
of the confident assertion, based upon the assumed uni- 

tfbnnity of tidal i-etardation, that ten thousand million 
■years ago the earth must have been rotating more than 
twice as fast as at present, and, therefore, that we 
geologists are "in direct opposition to the principles 
of Natural Philosophy" if we spread geological history 
over that time ? 

II. The eecond argument is thus stated by Sir "W. 
Thomson :-— "An article, by myself, published in 'Mac- 
millan's Magazine ' for March 1S62, on the age of tho 
suu'h heat, explains results of investigation into various 
qiicstiona as to possibilities regarding the amount of heat 
Ihat the sun could have, dealing with it as you wouh) 
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with a stone, or a piece of matter, only taking into 
ficcoxmt the sun's dimensions, which showed it to ba. 
possible that the sun may have already illuminated the 
earth for as many as one hundred million ycai-s, but at 
the same time rendered it almost certiiln that he had not 
illuminated the earth for five hundred miUions of years. 
The estimates here are necessarily very vague ; but yet, 
vague as they are, I do not know that it is possible, upon 
any reasonable estimate founded on known properties 
of matter, to say that we can believe the sun has really 
illuminated the earth for five hundred million years."^ 

I do not wish to " Hansardize " Sir William Thomson 
by laying much stress on the fact that, only fifteen years 
ago, he entertained a totiilly different view of the origin 
of the sun's heatj and believed that the energy radiated 
from year to year was supplied from year to year— 
a doctrine which would have suited Button perfectly. 
But the fact that so eminent a physical philosopher has, 
thus recently, held views opposite to those which he now 
entertains, and that he confesses his own estimates to 
be "very vague," justly entitles us to disregard those 
estimates, if any distinct facts on our side go against 
them. However, I am not aware that such facts exist. 
As I have already said, for anything I know, one, two, 
or three hundred milb'ons of years may serve the needs, 
of geologists perfectly well. ^ 

HI. The third line of argument is hased upon the 
temperature of the interior of the earth. Sir "W, 
Thomson refers to certain investigations which prove 
that the present thermal condition of the interior of 
the earth implies either a heating of the earth within the 
last 20,000 years of as much as 100° F., or a greater 
heating all over the surface at some time further back 
than 20,000 years, and then proceeds thus ; — 
' Loc. cit., p. so. 
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■ " Now, nre geologists prepared to admit tliat, at some 
H time within the last 20,000 years, there has been all 
^ over the earth so high a temperature as that ? 1 pre- 
sume not ; no geologist — no modern geologist — would 
for a moment admit the hypothesis that the present 

» state of underground heat la due to a heating of the 
Borface at so late a period as 20,000 years ago. If that 
is not admitted, we are driven to a greater heat at some 
time more than 20,000 years ago. A greater heating 
all over tlie surface than 100° Fahrenheit would kiU 
nearly all existing plants and animals, I may safely eay. 

PAre modem geologists prepared to say that all life was 
killed otf the earth 50,000, 100,000, or -200,000 years 
ago ? Por the uniformity theory, the further back the 
tune of high surface-temperature is put the better; 
but the further back the time of heating, the hotter it 
must have been. The best for those who draw most 
largely on time is that which puts it furthest back ; 
and tliat is the tlieory that the heating was enough 
to melt the whole. But even if it was enough to 
melt the whole, we must still admit some limit, such as 
fifty million years, one hundred miUion years, or two 
or three hundred million years ago. Beyond that we 

> cannot go." ' 
It will be ohsen-ed that the "limit" is once again 
of tho vaguest, ranging from 50,000,000 years to 
300,000,000. And the reply is, once more, that, for 
anything that can be proved to the contraiy, one or 
two h".mdred million years might serve the purpose, 
even of a through-going Hultonian uniformitai'ian, 
very well 

But if, on the other hand, the 100,000,000 or 
200,000,000 years appear to be insufficient for geo- 
logical purposes, we must closely criticise the method 
' Loc. cit., p. 2-i. 
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by -which the limit ia reached. The argumont 13 simple 
enough. Assuming the earth to be nothing but a cool- 
ing maos, the quantity of heat lost per year, supposing 
the rate of cooling to have been uniform, multiplied 
by any given number of years, will be given the mini- 
mum temperature that number of years ago. 

But is the earth nothing but a cooling mass, " like 
a hot-water jar such as is u,sed in carriages," or " a globe 
of sandstone " ? and has its cooling been uniform t An 
affirmative answer to both these questions seems to be 
necessary to the validity of the calculations on which 
Sir W. Thomson lays so much stress. 

Nevertheless it surely may be urged that such affirma- 
tive answers are purely hypothetical, and that other 
suppositions have an equal right to consideration. 

Foe example, it it not possible that, at the prodigious 
temperature which would seem to exist at 100 milea 
below the surface, all the metallic bases may behave as 
mercury does at a red heat, when it refuses to combine 
with oxygen ; while, nearer the surface, and therefore at 
a lower temperature, they may enter into combination (aa 
mercm-y does with oxygen a few degrees below its boibng- 
point) and so give rise to a heat totally distinct from 
that which they possess as cooling bodies ? And has 
it not also been proved by recent researches that the 
quality of the atmosphere may immensely affect its 
permeability to heat ; and, consequently, profoundly 
modify the rate of cooling the globe as a whole ? 

I do not think it can be denied that such conditions 
may exist, and may so gi'catly aifect the supply, and the 
Liosa, of terrestrial heat as to destroy the value of any 
jcaJculatioua which leave them out of sight 

My functions as your advocate are at an end. I 
Iroeak with more than the sincerity of a mere advociAfc 
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when I express the belief that the case against us has 
entirely broken down. The cry for reform which has 
been raised without, is superfluous, inasmucji as we 
have long been reforming from within, with all needful 
speed. And the critical examination of the grounds 
upon which the very grave charge of opposition to 
the principles of Natural Philosophy has been brought 
against us, rather shows that we have exercised a wise 
discrimination in declining, for the present, to meddle 
with our foundationsi. 




Mn. Dahwin's long-standing and well-earned scientifii' 
eminence probably renders him indifferent to tbat social 
notoriety which passes by the name of success; but if 
the calm spirit of the philosopher have not yet wholly 
superseded the ambition and the vanity of the carnal 
man within him, he must be well satisfied with the 
results of hia venture in publishing the " Origin of 
Species." Overflowing the narrow bounds of purely 
scientific circles, the "species question" divides with 
Italy and the Volunteers the attention of general society. 
Everybody has read Mr. Darwin's book, or, at least, has 
given an opinion upon its merits or demerits ; pietists, 
whether lay or ecclesiastic, decry it with the mild 
railing which sounds so charitable ; bigots denounce it 
with ignorant invective; old ladies of both sexes 
consider it a decidedly dangerous book, and even 
savans, who have no better mud to throw, quote anti- 
quated writers to show that its author is no better than 
an ape himself; while every philo'sophical thinker 
hails it as a veritable Whitworth gun in the armoury of 
liberalism ; and all competent natm-alists and physio- 
logists, whatever their opinions as to the ultimate fate 
of the doctrines put forth, acknowledge that the work in 
which they are embodied is a solid contribution to know- 
ledge and inaugurates a new epoch in natural history. 
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Kor has the discussion of the subject been re.straine.l 
within the limits of conversation. When the pubhc is 
eager and interested, reviewers must minister to its 
wants ; and the genuine litterateur is too much in the 
habit of acquiring his knowledge from the book he 
judges — as the Abyssinian is said to pro'^'ide himself 
witli steaks from the ox which carries him — to be with- 
held from criticism of a profound scientific work by the 
mere want of the requisite preliminary scientific acquire- 
ment ; while, on the other hand, the men of science who 
wish well to the new views, no less than those who 
dispute their validity, have naturally sought oppor- 
tunities of expressing their opinions. Hence it is not 
surprising that almost all the critical journals have 
noticed Jlr. Darwin's work at greater or less length ; 
and 80 many disquisitions, of every degree of excellence, 
from the poor product of ignorance, too often stimulated 
by prejudice, to the fair and thoughtful essay of the 
candid student of Nature, have appeared, that it seems 
an almost helpless task to attempt to say anything new 
upon the question. 

But it may be doubted if tlie knowledge and acumen 
of prejudged scientific opponents, or the subtlety of 
orthodox special pleaders, have yet exerted their full 
force in mystifying the real issues of the great contro- 
versy which has been set afoot, and whose end is hardly 
likely to be seen by this generation ; so that at this 
eleventh hour, and even failing anything new, it may be 
useful to state afresh that which is true, and to put the 
fundamental positions advocated by Mr. Darwin in such 
a form that they may be grasped by those whose special 
studies lie in other directions. And the adoption of this 
course may be the more advisable, because notwith- 
standing its great deserU, and indeed partly on account 
of theot, the " Origin of Species " is by no means an easy 
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book to rciiJ — if by reading is implieij the full com- 
prehension of an author's meaning. 

"We do not speak jestingly in saying that it ia Mr, 

Darwin's misfortune to know more about the question he 
has taken up than any man living. Personally and 
practically exercised in zoology, in minute anatomy, in 
geology ; a student of geographical distribution, not on 
maps and in museums only, but by loug voyages and 
laborious coUeetion ; having largely advanced each of 
these branches of science, and having spent many years 
in gathering and sifting materials for Ins present work, 
the store of accurately registered facts upon which the 
author of the " Origin of Species " is able to draw at 
will is prodigious. 

But this very superabundance of matter must have 
been embarrassing to a writer who, for the present, can 
only put forward an abstract of his views ; and thence it 
arises, perhaps, that notwithstanding the clearness of the 
style, those who attempt fairly to digest the book find 
much of it a sort of intellectual pemmican — a mass of 
facts crushed and pounded into shape, rather than held 
together by the ordinary medium of an obvious logical 
bond : due attention will, without doubt, discover this 
bond, but it is often hard to iind. 

Again, from sheer want of room, much has to be 
taken for granted which might readily enough be proved ; 
and hence, while the adept, who can supply the missing 
links in the evidence from his own knowledge, discovers 
fresh proof of the singular thoroughness with which all 
diBicuItiea have been considered and all unjustifiable 
Buppositions avoided, at every reperusal of Mr. Darwin's 
pregnant paragraphs, the novice in biology is apt to 
complain of the frequency of what he fancies is gra- 
'uitous assumption. 

. Thus while it may be doubted if, for some years, an-y 
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one is likely to be competent to pronounce judgment on 
all the issuea raised by Mr. Darwin, there is assuredly 
abundant room for him, who, assuming the humbler, 
though perhaps as useful, office of an interpreter between 
the " Origin of Species " and the public, contents himself 

kwith endeavouring to point out the nature of the 
problems which it discusses; to distinguish between 
the ascertained facts and the theoretical views which it 
contains ; and finally, to show the extent to which the 
explanation it offers satisfies the requirements of scientific 
logic. At any rate, it is this office which we purpose t-o 
midertake in the following pages. 

It may be safely assumed that our readers have a 
general conception of the nature of the objects to which 
the word " species " is applied ; but it has, perhaps, 
occurred to a few, even to those who are naturalists ex 
■professo, to reflect, that, as commonly employed, the 
term has a double sense and denotes two very different 
orders of relations. When we call a group of animals, 
or of plants, a species, we may imply thereby, either 
that all these animals or plants have some common 
jjecnliarity of form or structure ; or, we may mean that 
they possess some common functional character. That 
part of biological science which deals with fonn and 
structure is called Morphology — that which concerns 
itself with function, Physiology — so that wc may con- 
veniently speak of these two senses, or aspects, of 
" species"— the one as morpholgical, the other as phy- 
siological. Regarded from the former point of view, a 
species is nothing more than a kind of animal or plant, 
which is distinctly definable from all others, by certain 
constant, and not mearly sexual, morphological poculiar- 
ities. Thus horses form a species, because the group of 
animals to whicli that name is iipplied is distinguished 
" "ira all others in the world by the following constantly 
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associated characters. Thoy have 1. A vertebral coluoan ; 
2. Mamaije ; 3. A placental embryo ; 4. Four legs ; 5- A 
single well-developed toe in each foot provided with a 
hoof; 6. A bushy tail; and 7. Callosities on the inner 
aides of both the fore and the hind legs. The assea, 
again, form a distinct species, because, with the same 
characters, as far as the fifth in the above list, all aasea 
have tufted tails, and have callosities only on the inner 
side of the fore legs. If animals were discovered having 
the general characters of the horse, hut Bometimes with 
callosities only on the fore legs, and more or less tufted 
tails ; or animals having the general characters of the 
ass, but with more or less bushy tails, and sometimes 
with callosities on both pairs of legs, besides being inter- 
mediate in other respects— tbo two species would have 
to be merged into one. They could no longer be 
regarded as morphologically distinct species, for they 
would not be distinctly definable one from the other. 

However bare and simple this definition of species 
may appear to be, we confidently appeal to all practical 
naturalists, whether zoologists, botanists, or palisonto- 
to say if, in the vast majority of eases, they 
tnow, or mean to aflirm, anything more of the group of 
.Animals or plants they so denominate than what has just 
been statci Even the most decided advocates of the 
'leceived doctrines respecting species admit thia. 

"I appretend," saya Profeasor Owen,' "that few naturalists now- 
adays, in describing and proposing a name tor what they call * a new 
tptnei,' nso that term to aignity what was meant by it twenty or thirty 
jeara ago ; that ia, an originally distinct creation, maintaining its 
primitive distinction hy obstructive generative peculiarities. Tlie pro- 
poser of the ■n&w Bpecies now intends to state no more than ha 
actuilly knows ; as, for example, that the difl'urcnucs on which ha 

> On the Oateologj of tlte CMmponzeefi aad Onui; 
Zook^ical Society, 185S, 
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f< lunds tlie specific c'naracter are constant in isdividuals of bcitli sexei, 
no £ir as obaervation hns reached ; and that they are not due to 
(iomestioatiott or to srtificially suparindvicBd eicterDal circumstancea, or 
to any outward inflaonoo within hia cognizance j that the Gpeciea ia 
wild, or ia Buck aa it app;;ara by Nature." 



If we consider, in fact, that by far the largest pro- 
portion of recorded existing species are tnown only by 
the study of their skins, or bones, or other lifeless 
exuvia ; that wo arc acquainted with none, or next to 
,one, of their physiological peculiarities, beyond those 
■hich can be deduced from their structure, or are open 
to cursory observation ; and that we cannot hope to 
learn more of any of those extinct forms of life which 
now constitute no inconsiderable proportion of the knowii 
Flora and Fauna of the world ; it ia obvious that the 
definitions of these species can be only of a purely 
structural or morphological character. It is probable 
that naturaUats would have avoided much confusion of 
ifleas if they had more frequently borne the necessary 
limitations of our knowledge in mind. But while it 
may safely be admitted that we are acquainted with 
ouly the morphological characters of the vast majority 
of species — the functional, or physiological, peculiarities 
of a few have been carefully investigated, and the result 
of that study forms a large and moat interesting portion 
of the physiology of reproduction. 

The student of Nature wonders the more and is as- 
tonished the less, the more conversant be becomes with 
her operations ; but of all the perennial miracles she 
ofiera to his inspection, perhaps the most worthy of 
admiration is the development of a plant or of an animal 
from its embryo. Examine the recently laid egg of 
some common animal, such as a salamander or a newt. 
X is a miuute spheroid in which the best microscope 
ill levcal nothing but a structureless sac, enclosing a 
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glju'iy fluid, hcikltng granules in suspensioa But strange 

possibilities lie dormant in that sunii-Huid globule. Let 

a moderate supply of warmth reach its watery cradle, 

and the plastic matter undergoes changes so rapid and 

yet 80 steady and purposelike in their succession, that 

one can only compare them to those operated by a 

L skilled modeller upon a formlesa lump of clay. As 

I with an invisible trowel, the mass ia divided and sub- 

f divided into smaller and smaller portions, until it ia 

reduced to an aggregation of granules not too large to 

build withal the finest fabrics of the nascent organism. 

And, then, it is as if a delicate finger traced out the lino 

to be occupied by the spinal column, and moulded the 

contour of the body ; pinching up the head at one end, 

the tail at the other, and fashioning flank and limb into 

due salamandi'ine proportions, in so artistic a way, that, 

after watching the process hour by hour, one is almost 

involuntarily possessed by the notion, that some more 

subtle aid to vision than an achromatic, would show the 

hidden arti,st, with his plan before him, striving with 

skilful manipulation to perfect his work. 

L j\s life advances, and the young amphibian ranges the 

fcTTaters, the terror of his insect contemporaries, not only 

■are the nutritious particles supplied by its prey, by the 

latddition of which to its frame growth takes place, laid 

■down, each in its proper spot, and in such due proportion 

Eto the rest, as to reproduce the form, the colour, and the 

Ijuze, characteristic of the piirental stock ; but even the 

Iwonderful powers of reproducing lost parts possessed by 

Itiiesc animals are controlled by the same governing 

itcudency. Cut off the legs, the tail, the jaws, separately 

Bvr all together, and, as Spallauzani showed lung ago, 

lithesc parts cot only grow again, but the redintegrated 

IiUmb is formed on the same type as those which were 

ftlofit. The new jaw, or log, is a newt's, and nii\'c:^ Vj ^iSi'i 
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accident more like thiit of a frog. "Wlitit is true of the 
ucwt ia true of every animal and of every plant ; the 
acorn tends to build itself up again into a woodliind 
giant such as that from whose twig it fell ; the spore of 
the humblest lichen reproduces the green or brown 
incrustation which gave it birth ; and at the other end 
of the scale of life, the child that resembled neither the 
paternal nor the maternal side of the house would be 
i-egarded as a kind of monster. 

So that the one end to which, in all living beings, the 
formative impulse is tending — the one scheme which the 
Archjcus of the old speculators strives to carry out, 
seems to be to mould the offspring int-o the likeness of 
the parent. It is the first great law of reproduction, 
that the offspring tends to resemble its parent or parents, 
more closely than anything else. ^^^ 

Science will some day show us how this law is 'f^KL 
necessary consequence of the more general laws vrhit^'^ "^ 
govern matter ; but, for the present, more can hardly be 
said than that it appears to be in harmony with them. 
We know that the phtenomena of vitality are not some- 
thing apart from other physical phEenomcna, but one 
with thtm ; and matter aud force are the two names of 
the one artist who fashions the living as well as the life- 
less. Hence living bodies should obey the same great 
laws as other matter — nor, throughout Nature, is there a 
law of wider application than this, that a body impelled 
by two forces takes the direction of their resultant. But 
living bodies may be regarded as nothing but extremely 
complex bundles of forces held in a mass of matter, as 
the complex forces of a magnet are held in the steel by 
its coercive force ; and, since the differences of sex are 
comparatively slight, or, in other words, the sum of the 
forces in each has a very similar tendency, their '. 
Eultant, the offspring, may reasonably be expected 1 
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deviate but little fixim a course parallel to either, or 
to both. 

Tiepresent the reason of the law to ourselves by what 
physical metaphor or analogy wc will, however, the 
great matter is to apprehend its existence and the im- 
portance of the consequences dcducible from it. For 
things which are like to the same are like to one another, 
and if, in a great series of generations, every offspring is 
like its parent, it follows that all the offspring and all 
the parents must be like one another ; and that, given 
an original parental stock, with the opportunity of un- 
disturbed multiplication, the law in question necessitates 
the production, in course of time, of an indefinitely large 
group, the whole of whose members are at once very 
similar and are blood relations, having descended from 
the same parent^ or pair of parents. The proof that all 
"the members of any given group of animals, or plants, 
had thus descended, would be ordinarily considered 
sufficient to entitle them to the rank of physiological 
Bpecies, for most physiologists consider species to be de- 
finable as " the offspring of a single primitive stock." 

But though it ia quite true that all those groups we 
call species may, aecording to the known laws of re- 
production, have descended from a single stock, and 
though is is very likely they really have done so, yet 
this conclusion rests on deduction and can hardly hope 
to establish itself upon a basis of observation. And the 
primitiveness of the supposed single stock, which, after 
all, is the essential part of the matter, is not only a 
hypothesis, but one which has not a shadow of founda- 
tion, if by " primitive " be meant " independent of any 
other living being." A scientific definition, of which an 
unwarrantable hypothesis forma an essential part, carries 
its condemnation within itself; but even supposing such 
a definition were, in form, tenable, the physiologist who 
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should attempt to apply it in Nature would soon find 
himself involved in great, if not inextricable, difficulties. 
As we have said, it is indubitable that offspring tend to 
resemble the parental organism, but it is equally true 
that the similarity attained never amounts to identity, 
either in form or in structure. There is always a certain 
amount of deiaation, not only from the precise characl 
of a single parent, but when, as in most animals 
many plants, the sexes arc lodged in distinct individuals, 
from an exact mean between the two parents. And 
indeed, on general principles, this slight deviation seems 
as intelligible as the general similarity, if we reflect how 
complex the eo-operating "bundles of forces" are, and 
how improbable it is that, in any case, their true re- 
sultant shall coincide with any mean between the more 
obvious characters of the two parents, "Whatever 
ita cause, however, the co-existenco of this tendency 
minor variation with the tendency to general similari 
is of vast importance in its bearing on the question 
the origin of species. 

As a general rule, the extent to which an ofTspring 
differs fi'om its parent is slight enough ; but, occasionally, 
the amount of difference is much more strongly marked, 
and then the divergent offspring receives the name of a 
Variety. Multitudes, of what there is every reason to 
believe are such varieties, are known, but the origin of 
very few has been accurately recorded, and of these we 
■will select two as more especially illustrative of the main 
features of variation. The first of them is that of the 
" Ancon," or " Otter" sheep, of which a careful accounc 
is given by Colonel David Humphreys, F,Il.S., in a letter 
to Sir Josepli Banks, published in the Philosophical 
Transactions for 181 3. It appears that one Seth "Wright, 
the proprietor of a farm on the banks of the Charlea. 
Kivcr, iu Massachusetts, possessed a flock of fifteen ewet'j 



tain 

:tei9^H 
an4H 
lals, ^H 



ore 



^tll.] 



I 



TEE ORIGIN OF SPECIES. 265 

and a ram of the ordinary kind. In the year 1791, one 
of the ewcH presented her owner with a male lamb, 
differing, for no assignable reason, from its parents by a 
, propoi-tionuUy long body and short bandy legs, whence 
I It was unable to emulate its relatives in those sportive 
leaps over the neighbours' fences, in which they were 
in the habit of indulging, much to the good farmer's 
vexation. 

TLe second case is that detailed by a no less unex- 
ceptionable authority than Eeaumur, in his " Art dc faire 
dctore les Poulets." A Maltese couple, named Kelleia, 
whose hands and feet were constructed upon the ordinary 
human model, had born to them a son, Oratio, who pos- 
sessed six perfectly moveable fingers on each hand and 
six toes, nut quite so well formed, on each foot. No 
cause could be assigned for the appearance of this un- 
usual variety of the human species. 

Two eircumstances arc well worthy of remark in both 
these cases. In each, the variety appears to have arisen 
in full force, and, as it were, per sallum ; a TV'ide and 
definite difference appearing, at once, between the Ancon 
ram and the ordinary sheep ; between the six-fingered 
and BLx-toed Gratio Kelleia and ordinary men. In 
neither case is it possible to point out any obvious reason 
for the appearance of the variety. Doubtless there were 
determining causes for these as for all other phienomena ; _ 
but they do not appear, and we can be tolerably cer- 
tain that what are ordinarily understood as changes in 
physical conditions, as in climate, in food, or the like, 
did not take place and had nothing to do with the 
matter. It was no case of what is commonly called 
adaptation to circumstances ; but, to use a conveniently 
erroneous phrase, the variations arose spontaneously. 
The fruitless search after final causes leads their pursuers 
a long way : hut even those hardy tcleologists, who are 
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ready to break tlirono;li all the law3 of pliysics iu chase 
of thi'ir favourite will-o'-the-wisp, may be puzzled to 
discover what purpose could be attained by the strmte^^ 
legs of Seth Wright's ram or the liexadactyle membfl^H 
of Gratio Kelleia. ^^| 

VarieticB then arise we know not why ; and it is hm^^B 
than probable that the majority of varieties have arisen 
in this "spontaneous" manner, though we are, of course, 
far from denying that they may be traced, in some cases, 
to distinct external influences ; which are assuredly com- 
petent to alter the character of the tegumentary cover- 
ing, to change colour, to increase or diminish the size of 
muscles, to modify constitution, and, among plants, to 
give rise to the metamorphosis of stamens into petals, 
and so forth. But however they may have arisen, what 
especially interests us at present is, to remark that, once 
in existence, varieties obey the fundamental law of re- 
production that like tends to produce like, and their 
offspring exemplify it by tending to exhibit the same 
deviation from the parental stock as themselves. Indeed, 
there seems to be, in many instances, a pre-potent in- 
fluence about a newly-arisen variety which gives it 
what one may call an unfair advantage over the normal 
descendants from the same stock. This is strikingly 
exemplified by the case of Gratio Kelleia, who married 
, a woman with the ordinary pentadactyle extremities, 
and had by her four children, Salvator, George, Andri^, 
and Marie. Of these children Salvator, the eldest boy, 
had six fingers and six toes, like his father ; the second 
and thii'd, also boys, had five fingers and five toes, like 
their mother, though the hands and feet of George 
were slightly deformed ; the last, a girl, had five fingers 
and five toes, but the thumbs were slightly deformed. 
The variety thus reproduced itself purely in the eldest, 
while the normal type reproduced itself purely in the 
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tliircl, and almost purely in the second and last : so 
that it would seem, at firstj as if the noraial tj'pc 
were more powerful than the variety. But all these 
children grew up and iutermaixied with normal wives 
and husband, and then, note what took place : Sal- 
vator had four children, three of whom exhibited the 
hexadaetyle members of their grandfather and father, 
while the youngest had the pentadaetyle limbs of the 
mother and grandmother; so that hero, notwithstanding 
a double pentadaetyle dilution of the blood, the hexa- 
daetyle variety had the beat of it The same pre-potency 
of the variety was still more markedly exemplified in 
the progeny of two of the other children, Marie and 
George, Marie (whose thumbs only were deformed) 
gave bu-th to a boy with six toes, aud three other 
normally formed children ; but George, who was not ^^H 
quite so pure a pentadaetyle, begot, firsts two girls, each ^H 
of whom had six fingers and toes ; then a girl with six ^B 
fingeni on each hand and six toes on the right foot, but 
only five toes on the left ; and lastly, a boy with only 
five fingers and toes. In these instances, therefore, the 
variety, as it were, leaped over one generation to re- 
produce itself in full force in the next. Finally, tho 
purely pentadaetyle Andre was the father of many 
children, not one of whom departed from the normtu 
parental type. . 

If a variation which approaches the nature of a mon- 
strosity can strive thud I'sreibly to reproduce itself, it ia 
not wonderful that less aberrant modifications should 
tend to be preserved even more strongly ; and the history 
of the Ancon sheep ia, in this respect, particularly in- 
etructive. With the "'euteness" characteristic of their 
nation, the neighbours of the Massachuseta farmer 
imagined it would be an excellent thing if all his sheep 
were imbued with the stay-at*home tendencies cnfurcea 
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by Nature upon the newly-arrived ram ; and tlicy advised 
Wright to kill the old patriarch of his fold, aud install 
the Ancon ram in his place. The result justified their 
eH^acioHs antieipatioaa, and coincided very nearly with 
what oeeurrcd to the progeny of Gratio Kelleia. The 
young lambs were almost jdwaya either pure Aueons, or 
pure ordinary sheep.^ But when sufficient Ancou sheep 
were obtained to interbreed with one another, it -waa 
found that the offspring was always pure Ancon. Colonel 
Humphreys, in fact, states that he was acquainted with 
only " one questionable case of a contrary nature." 
Here, then, is a remarkable and well-established instance, 
not only of a very distinct race being established -per 
aaltum, but of that race breeding " true " at once, and 
Bhowing no mixed forms, even when crossed with another 
breed. 

By taking care to select Ancons of both sexes, for 
breeding from, it thus became easy to establish an ex- 
tremely well-mai'ked race ; so peculiar that, even when 
herded with other sheep, it was noted that the Ancons 
kept together. And there is every reason to believe that 
the existence of this breed might have been indefinitely 
protracted ; but the introduction of the Merino sheep, 
which were not only very superior to the Ancons in wool 
and meat, but quite as quiet and orderly, led to the com- 
plete neglect of the new breed, so that, in 1813, Colonel 
Humphreys found it difficult to obtain the specimen, 

' Colonel Hiiiuphreya' Btatementa are exceedingly explicit on this point : — 

''When an Ancon ewe ia impregnated bj a. common nan, the increase 

lesemblea wholly oithet the ewe or the mm. The iacxease of the oommoa 

ewe impregoated by an Ancon mm follows entirely tho one or the other, 

without blending any of the dbttnguishing and esBentiid peculiarities of both. 

Frequent instances have happened where common ewes have had twins by 

Anoon inuia, when one exhibited the complete marks &nd feutiuvs of the 

Bwe, the othar of the ram. The ooiitnwt has bewi rendered Bingulflriy 

V ((rikini;, when one short-le^cd and one long-legged loinb, produced at a 

wbirth, have Ijecn neen sucking the dnui at the same time." — PAifoiqjiAicoJ 

W^aiuactuMt, 1813, Pt. I., pp. 89, 00. 
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whoso skeleton was presented to Sir Josept Banks. We 
believe that, for many years, no remnant of it has existed 
in the United States, 

Gratio Kelleia was not the progenitor of a mce of six- 
fingered men, as Seth Wnght's ram became a nation of 
Aucoa sheep, though the tendency of the variety to 
perpetutate itself appears to have been fully as strong, in 
the one case as in the other. And the reason of the 
difference is not far to seek. Seth Wright took care not 
to weaken the Ancon blood by matching Lis Ancon ewea 
■with any but males of the same variety, while Gratio 
Kelleia's sons were too far removed from the patriarchal 
times to intermarry with their sisters ; and his grand- 
children seem not to Lave been attracted by their siy- 
lingered cousins. In other words, in the one example a 
race was produced, because, for several generations, eare 
was taken to select both parents of the breeding stock 
from animals exhibiting a tendency to vary in the same 
direction ; while, in the other, no race was evolved, because 
no such selection was exercised. A race is a propagated 
variety ; and as, by the laws of reproduction, offspring 
lend to assume the parental rorms, they will be more- 
likely to propagate a variation exhibited by both parents 
than that possessed by only one. 

There is no organ of the body of an animal which 
may not, and does not, occasionally, vary more or less 
fcom the normal type ; and there is no variation which 
may not be transmitted, and which, if selectively trans- 
mitted, may not become the foundation of a race. This 
great truth, sometimes forgotten by philosophers, has 
long been familiar to practical agriculturists and breeders ; 
and upon it rest all the methods of improving the breeds 
of doraesric animals, which, for the last century. Lave 
been followed with so much success in England Colour, 
form, size, texture of hair or wool, puportions of variaiia 
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^H parts, strength or weakness of constitution, tendency to 
^H fatten or to remain lean, to give much or little milk, 
^" speed, strength, temper, intelligence, special instincts; 
there ia not one of these charactera whose transmission 
18 not an eveiy-clay occurrence within the experience 
of cattle-breeders, stock-farmers, horse-dealers, and 
dog and poultry fanciers. Nay, it is only the other 
day that an eminent physiologist, Dr. Brown-S^quard, 

t communicated to the Eoyal Society hia discoveiy 
that epilepsy, artificially produced in guinea-pig.% by a 
means which he has discovered, ia transmitted to their 
offspring. 

But a race, once produced, is no more a fixed and 
immutable entity than the stock whence it sprang; 
variations arise among its members, and as these varia- 
tions are transmitted like any others, new races may he 
developed out of the pre-existing one ad infinitum, or, 
at least, within any limit at present determined. Given 
sufficient time and sufficiently careful selection, and the 
multitude of races which may arise from a common 
stock is as astonishing as are the extreme &'.ructurid 
differences which they may present A remarkable 
example of this is to be found ia the rock-pigeon, which 

IMr. Darwin has, in our opinion, satisfactorily demon- 
strated to be the progenitor of all our domestic pigeons, 
of which there are certainly more than a hundred well- 
maiked races. The most noteworthy of those races are, 
the four great stocks known to the " fancy " as tumblers, 
pouters, carriers, and fantails ; birds which not only differ 
most singularly in size, colour, and habits, but in the 
form of the beak and of the akuU : in the proportions of 
the beak to the skull ; ui the number of tail-fcathers ; in 
the absolute and relative size of the feet ; in the presence 
, or absence of the uropygial gland ; in the number of 
vertebras in the back ; in short, in precisely those cha- 
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ractci-3 in which the gecera and spccits of birds diffeT' 
from one another. 

And it is most remarkable and instructive to observe, 
that none of these races can be shown to have been 
originated by the action of changes in what are com- 
monly called external citcumstanceSjUpon the wild rock- 
pigeon. On the contrary, from time immemorial, pigeon 
Fanciers have had essentially similar methods of treating 
their pets, which have been housed, fed, protected and 
cared for iu much the same way in all pigeonries. In 
fact, there is no case better adapted than that of the 
pigeons to refute the doctrine which one sees put forth 
on high authority, that " no other characters than those 
founded on the development of bone for the attachment 
of muscles" are capable of variation. In precise con- 
tradiction of this hasty assertion, Mr. Darwin's researches 
prove that the skeleton of the wings in domestic pigeons 
has hardly vaiied at all from that of the wild type ; 
while, on the other hand, it is in exactly those respects, 
8uch as the relative length of the beak and skull, the 
number of the vertebras, and the number of the tail- 
feathers, in which muscular exertion can have no im- 
portant influence, that the utmost amount of variation 
.tae taken place. 

^k We have said that the following out of the propertieil 
' "exhibited by physiological species would lead us into 
difficulties, and at this point they begin to be obvious , 
for, if, as the result of spontaneous variation and of 
selective breeding, the progeny of a common stock may 
become separated into groups distinguished from one 
another by constant, not sexual, morphological characters, 
it is clear that the phyaiologieal definition of species is 
likely to clash with the mor^ihological definition. No 
one would hesitate to describe the pouter and tUa 
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nimbler as distinct species, if they were found fossil, or 
if their skins and skeletons were imported, as those of 
exotic wild birds commonly are— and, without doubt, if 
considered alone, they are good and distinct morpho- 
logical species. On the other hand, they are not physio- 
logical species, for they are descended from a common 
stock, the rock-pigeon. 

Under these circumstances, a= it is admitted on all 
sides that races occur in Nature, how are we to know 
whether any apparently distinct animals are really of 
different physiological species, or not, seeing that the 
amount of morphological diEFereuee is no safe guidp' 
Is there any test of a physiological species ? The usual 
answer of physiologists ia in the affirmative. It is said 
that such a test is to be found in the phEenomcna of 
hybridization — in the results of crossing races, as com- 
pared with the results of crossing species. 

So far as the evidence goes at present, individuals, of 
what are certainly known to be more races produced by 
selection, however distinct they may appear to be, not 
only breed freely together, but the offspring of such 
crossed races are only perfectly fertile with one another. 
Thus, the spaniel and the greyhouud, the dray-horse and 
tlie Arab, the pouter and the tumbler, breed together 
with perfect freedom, and their mongrels, if matched 
with other mongrels of the same kind, are equally fertila 

On the other hand, there can be no doubt that the 
individuals of many natural species are either absolutely 
infertile, if crossed with individuals of other species, or, 
if they give rise to hybrid offspring, the hybrids sr 
produced are infertile when paii'ed together. The horse 
and the ass, for instance, if so crossed, give rise to the 
mule, and there is no certain evidence of offspring ever 
having been produced by a male and female mule. The 
un'nna of the rpck-pigeon and the ring-pigeon appear to 
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be cquallji barren of result. Here, then, Gays the phy- 
siologist, we have a means of distinguishing any two 
true species from any two varieties. If a male and a 
female, seketed from each group, produce offspring, and 
that offspring is fcrtils with others produced in the same 
way, the groups are races and not species. If, on the 
other hand, no result ensues, or if the offspring are 
infertile with others produced in the same way, they are 
true physiological speciec. The test would be an admir- 
able one, if, in the first place, it were always practicable 
to apply it, and if, in the second, it always yielded 
results susceptible of a definite interpretation. Unfor- 
tunately, in the great majority of cases, this touchstone I 
for species is wholly inapplicable. J 

The constitution of many wild animals is so altered 
by confinement that they will not breed even with their 
own females, so that the negative results obtained from 
crosses are of no value ; and the antipathy of wild animals 
of different species for one another, or even of wild and 
tame members of the same species, is ordinarily so great, 
that it la hopeless to look for such unions in Nature. 
The hermaphrodism of most plants, the difiiculty in the 
way of ensuring the absence of their own, or the proper 
working of other pollen, are obstacles of no less magni- 
tude in applying the test to them. And in both animals j 
and plants is superadded the further difficulty, that I 
experiments must be continued over a long time for the 
purpose of ascertaining the fertility of the mongrel or 
hybrid progeny, as well as of the first crosses from 
■which they spring. 

Not only do these great practical difficulties lie in tbo 
way of applying the hybridization test, but even when 
thla oracle can be questioned, its replies are sometimes 
as doubtful as those of Delphi. For example, cases are 
cited by Mr. Darwin, of plants which are more fertile 
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with the pollcu of another species than with their own ; 
aud there are others, such as certain fuci, whose male 
element will fertilize the ovule of a plant of distinct spe- 
cies, while the males of the latter species are ineffective 
with the females of the first So that, in the last-named 
instance, a physiologist, who should cross the two species 
in one way, would decide that they were true species; 
while another, who should cross them in the reverse 
way, would, with equal justice, according to the rule, 
pronounce them to be mere races. Several plants, which 
there is great reason to believe are mere varieties, are 
almost sterile when crossed ; while both animals and 
plants, which have always been regarded by naturalist 
as of distinct species, turn out, when the test is applied, 
to be perfectly fertile. Again, the sterility or feilility 
of crosses seems to bear no relation to the structural 
resemblances or difl'erenees of the members of any two 
groups. 

Mr. Diirwiu has discussed this question with singular 
ability and circumspection, and his conclusions are 
summed up as follow, at page 276 of his work : — 

" First crosBoa between forms Biifficiontly distinct to be ranked aa 
species, and tlieir hybrids, are very generally, hut not universally, 
aterile. The sterility is of all degrees, and IB often bo slight that the 
two nioet careful experimentalists who have ever liveil have come to 
diametrically opposite conclusions in ranking forms by this tost. The 
sterility is innately variable in individuals of the same speciea, and is 
eminently susceptible of £iTourable and un&voarable conditions. Tlie 
degree of steriKty does not strictly follow systematic affinity, but is 
governed by several curious and complex laws. It ia generally dif- 
ferent, and sometimes widely different, in reciprocal crosses between 
the same two species. It is not always equid in degree in a first cross, 
and in the hybrid produced from this cross. 

" In the same manner an in grafting treen, the capacity of one 
species or variety to take on acothar is incidental on generally 
unknown -i'lferences in their vegetative systems ; ao in crossing, the 
greater or leas fscdity of one species to unite with another is inci- 
II Tiiiknown differences in their reproductive systems. There 
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IB no more reason to think that species have been special]; endowed 
with various degrees of sterility to preYent them crossing and breeding 
in Nature, than to think that trees have been specially endowed with 
various and somewhat analofiotts degrees of difficulty in being grafted 
together, in order to prevent them becoming inarched in our forests, 

"The sterility of first crosses between pure species, which have 
their reproductive Hjstema perfect, seems to depend on several oircum- 
Btances ; in some cases lai^oly on the early death of the embryo. The 
sterility of hybrids which have their reproductive systems imperfect, 
and which have had this system and their whole organization dis- 
turbed by being compounded of two distinct species, seems closely 
allied to that sterility which so frequently affects pare species when 
their natural conditions of life have been disturbed. This view is 
supported by a parallelism of another kind ; namely, that the crossing 
of forms, only slightly different, is favourable to the vigour and fertility 
of the ofTspring ; and that slight changes in the conaitions of life are 
apparently favourable to the vigour and fertility of all or^'snic beings. 
It is not surprising that the degree of difficulty in uniting two species 
•xnA the degree of sterility of their hybrid offspring, should geneiaJly 
correspond, though due to distinct causes ; for both depend on the 
amount of difference of some kind between the species which are 
crossed. Nor is it surprising that the facility of effecting a first cross, 
the fertility of hybiids produced from it, and the capacity of being 
grafted together — though this latter capacity evidently depends on 
widely different circumstances — should all run to a certain extent 
parallel with the systematic aSinity of the forms which are subjected ^_ 
to experiment; for systematic affinity attempts to express all kinds of ^H 
resemblance hetween all species. ^H 

" First crosses hetween forms known to he varieties, or snfficiently ^H 
alike to be considered as varieties, and their mongrel offspring, are 
very generally, but not quite nniversally, fertile. Nur is this nearly 
general and perfect fertility surprising, when we remember how liable 
we are to argue in a circle with respect to varieties in a state of 
Natare ; and when we remember that the greater number of varieties 
have been produced under domestication by the selection of mere 
external differences, and not of differences in the reprodactive system. 
In all other respects, excluding fertility, there is a close general ^^ 
resemblance between hybrids and mongrels." — Pp. 276.8. ^H 

We fully agree with the general tenor of tliia weighty ^| 
passage; but forcible aa are these arguments, and little as ^^ 
the value of fertility or infertility as a test of species may 
be, it must not be forgotten that the really important 
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fact, so far aa llie inquiry into tlie origin of species 
goes, is, that there are such things in Nature as groups 
of animals and of plants, whose members are iucapahle 
of fertile union with those of other groups; and that 
there are such things as hybrids, which are absolutely 
sterile when crossed with other hybrids. For if such 
phsenomena as these were exhibited by only two of those 
assemblages of living objects, to which the name of 
species (whether it be used in its physiological or in 
its morphological sense) is given, it would have to be 
accounted for by any theory of the origin of species, and 
every theory which could not account for it would be, so 
far, imperfect. 

Up to this point we have been dealing with matters of 
fact, and the statements which we have laid before the 
reader would, to the best of our knowledge, be admitted 
to contain a fair exposition of what is at present known 
respecting the essential properties of species, by all who 
have studied the question. And whatever may be his theo- 
retical views, no naturalist will probably be disposed to 
demur to the following summary of that exposition : — 

Living beingg, whether animals or plants, are divisible 
into multitudes of distinctly definable kinds, which are 
morphological species, Tliey are also divisible into 
groups of individuals, which breed freely together, tend- 
ing to reproduce their like, and are physiological species. 
Normally resemblinj^ their parents, the offspring of 
members of these species are stdl liable to vary, and the 
variation may be perpetuated by selection, as a race, 
which race, in many eases, presents all the characteristics 
of a morphological species. But it is not as yet proved 
that a race ever exhibits, when crossed with another race 
of the same species, those phenomena of hybridization 
which are exhibited by many species when crossed with 
other species. On the other hand, not only is it not 
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proved that all species give rise to hybricls infertile 
inter se, but there is much reason to believe that, in 
crossing, species exhibit every gradation from perfect 
sterility to peifect fertility. 

Such are the most essential characteristics of species. 
Even were man not one of them — a member of the same 
system and subject to the same laws — the question of 
their origin, their causal connexion, that is, with the 
other phienomcna of the universe, must have attracted 
his attention, as soon as his intelligenee had raised itself 
above the level of his daily wants. 

Indeed history relateb that such was the case, and 
has embalmed for na the speculations upon the origin 
of living beings, which were among the eiirliest products 
of the dawning intellectual activity of man. In those 
early days positive knowledge was not to be had, but the 
craving after it needed, at aU hazards, to be satisfied, and 
according to the country, or the turn of thought of the 
speculator, the suggestion that all living things arose 
from the mud of the Nile, from a primeval egg, or from 
some more anthropomorphic agency, afforded a sufficient 
resting-place for his curiosity. The myths of Paganism 
are as dead as Osiris or Zeus, and the man who should 
revive them, in opposition to the knowledge of our time, 
would be justly laughed to scorn ; but the coeval imagi- 
nations current among the rude inhabitants of Palestine, 
recorded by writers whose very name and age are 
admitted by every scholar to be unknown, have unfor- 
tunately not yet shared their fate, but, even at this day, 
are regarded by nine-tenths of the civilized world as the 
authoritative standard of fact and the criterion of the 
justice of scientific conclusions, in all that relates to the 
rigin of things, and, among them, of species. In this 
jjineteenth century, as at the dawn of modern physical 
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Bcleuce, the cosmogony of the semi-baa-baroua Hebrew is 
the incuhiia of the philosopher and the opprobrium of the 
orthodox. "Who shall number the patient and earnest 
seekers after truth, from the days of Galileo until now, 
whose lives have been embittered and their good name 
blasted by the mistaken zeal of Bibliolaters ? Who 
shall count tlie boat of weaker men whose sense ot 
truth has been destroyed in the effort to harmonize 
impossibilities — whose life has been wasted in the 
attempt to force the generous new wine of Science 
into the old bottles of Judaism, compelled by the outcry 
of the same strong party % 

It is true that if philosophers have suffered, their 
mse has been amply avenged. Extinguished theolo- 
■gians lie about the cradle of every science aa the 
Btrauglfd snakes beside that of Hercules; and history 
records that whenever science and orthodoxy have been 
fairly opposed, the latter has been forced to retire from 
the Hats, bleeding and crushed, if not annihilated; 
scotched, if not slain. But orthodoxy is the Bourbon 
of the world of thought It learns not, neither can it 
forget ; and though, at present, bewildered and afraid 
to move, it is as willing as ever to insist that the first 
chapter of Genesis contains the beginning and the end 
if sound science ; and to visit, with such petty thunder- 

ilts as its half-paralysed hands can hurl, those who 
refuse to degrade Nature to the level of primitive 
Judaism, 

Philosophere, on the other hand, have no such aggrcs- 
Mve tendencies. With eyes fixed on the noble goal to 
which " per aspera et ardua " they tend, they may, now 
and then, be stirred to momentary wrath by the unneces- 
sary obstacles with which the ignorant, or the malicious, 
encumber, if they cannot bar, the difficult path ; but 
why ehpuld their soula be deeply vexed I The majesty 
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of Fact is on their side, and the elemental forces of 
Nature are working for them. Not a stiir comes to the 
meridian at its calculated time but testifies to the justice 
of their methods— their beliefs are "one with the falling 
rain and with the growing corn." By doubt they are 
established, and open inquiry is their bosom friend. 
Such men have no fear of traditions however venerable, 
and no respect for them when they become mischievoua 
and obstructive ; but they have better than mere anti- 
quarian business in hand, and if dogmas, which ought to 
))e fossil but are not, are not forced upon their notice, 
I they are too happy to treat them aa non-existent. ^h 

H. The hypotheses respecting the origin of species whicU^H 
profess to stand upon a scientific basis, and, as such,^^ 
alone demand senous attention, are of two kinds. The 
one, the "ppeeial creation" hypothesis, j^resumes every 
species to have originated from one or more stocks, 
these not being the result of the modification of any 
other form of living matter — or arising by natural 
agencies — but being produced, as such, by a supers 
natural creative act. 

The other, the so-called " transmutation " hypothesis, 
considers that all existing species are the result of the 
modification of pre-csisting species, and those of their 
predecessors, by agencies simUar to those which at the 
present day produce varieties and races, and therefore in 
an altogether natural way ; and it is a probable, though 
not a necessary consequence of this hypotliesis, that all 
living beings have arisen from a single stock. With 
respect to the origin of this primitive stock, or stocks, 
the doctrine of the origin of species is obviously not 
necessarily concerned. The transmutation hypothesis, 
for example, is perfectly consistent either with the con- 
ception of a special creation of the primitive germ, oi 
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with the sapposttion of its having arisen, as a modifi- 
Ciition of inor^.mic niatt.'r, by natural causes. 

The doctrine of special creation owes its existence 
very largely to the supposed necessity of making science 
accord -viitii the Hebrew cosmogony ; but it is curions 
to observe that, as the doctrine 13 at present maintained 
by men of science, it is as hopelessly inconsistent with 
the Hebrew view as any other hypothesis. 

If there be any result which has come more clearly 
out of geological investigation than another, it is, that 
the vast series of extinct animals and plants Js not 
divisible, as it was once supposed to be, into distinct 
groups, separated by sharply-marked boundaries. There 
are no great gulfe between epochs and formations — no 
successive periods marked by the appearance of plants, 
of water animals, and of land animals, en masse. Every 
year adds to the list of links between what the older 
geologists supposed to be widely separated epochs : 
witness the crags linking the drift with the older ter- 
tiaries ; the Maeatiicht beds linking the tertiaries with 
the chalk ; the St. Cassian beds exhibiting an abundant 
fauna of mixed mesozoic and paliEozotc types, in rocka 
of an epoch once supposed to be eminently poor in life ; 
witness, lastly, the incessant disputes as to wbether a 
given stratum shall te reckoned devonian or carbon- 
iferous, Silurian or devonian, cambrian or siluriau. 

This truth is further illustrated in a moat interesting 

manner by the impartial and highly competent testimony 

uf M. Pictetj fi'om whose calculations of what percentage 

of the genera of animals, existing in any formation, lived 

I during the preceding formation," it results that in no 

Case is the proportion less than one-third, or 33 per 

cent. It is the triassic formation, or the commencement 

I of the mesozoic epoch, which has received this smallest 

I inheritance from preceding ages. The other formations 
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not uucommonly exhibit GO, 80, or even 94 per cent; 
of genera in common with those whose remains are] 
imbedded in their predecessor, Kot only is tliia true, 
but the subdivisioua of each formation exhibit new 
Bpecies characteriBtic oi, and found only in, them ; and, 
in many cases, as in the liaa for example, the separate 
beds of these subdivisions are distinguished by well- 
marked and pecuhar forms of Hfe. A section, a hundred 
feet thick, wLU exhibit, at different heights, a dozen 
species of ammonite, none of which passes beyond its 
particular zone of limestone, or clay, into the zone below 
it or into that above it ; so that those who adopt the 
doctrine of special creation must be prepared to admit, 
that at intei-vals of time, corresponding with the thielmesa 
of these beds, the Creator thought fit to interfere with 
the natural course of events for the purpose of making 
a new ammonite. It is not easy to transplant oneself 
into the frame of mind of those who can accept such a 
conclusion as this, on any evidence short of absolute 
demonstration ; and it is difficult to see what is to be 
gained by so doing, since, as we have said, it is obvious 
that such a view of the origin of living beings is utterly 
opposed to the Hebrew cosmogony. Deserving no aid 
from tlie powerful arm of bibliolatry, then, does the 
received foi-m of the hypothesis of special creation derive 
any sup(x)rt from science or Bound logic ? Assuredly 
not much. The arguments brought forward in its favour 
all take one form : If species were not supernaturally 
created, we cannot understand the facts x, or y, or z ; 
we cannot understand the structure of animals or plants, 
unless we suppose they were contiived for special ends ; 
we cannot understand the structure of the eye, except 
by supposing it to have been made to see with 
cannit understand instincts, unless we suppose 
to have been miraculously endowed with them. 
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As a question of dialectics, it must be admitted that 
tliia sort of reasoning is not very formidable to those 
who are not to be frightened by consequencea. It is an 
ctrgumentum ad ignorantiam — take thia explanation or 
be ignorant. But suppose we prefer to admit our igno- 
rance rather than adopt a hypothesis at variance with 
all the teachings of Nature? Or, suppose for a moment 
we admit the explanation, and then seriously ask our- 
eelves how much the wiser are we ; what does the 
explanation explain? la it any more than a grandilo- 
quent way of announeing the feet, that we really know 
nothing about the matter ? A phjenomenon is explained 
when it is shown to be a case of some general law of 
Nature ; but the supernatural interposition of the Creator 
can, by the nature of the case, exemplify no law. and if 
species have really arisen in this way, it is absurd to 
attempt to discuss their origin. 

Or, lastly, let us ask ourselves whether any amount 
of evideoce which the nature of our faculties permits ua 
to attain, can justify us in asserting that any phteno- 
raenon is out of the reach of natural causation. To this 
end it is obviously necessary that we should know all 
the consequences to which all possible combinations, 
continued through unlimited time, can give rise. If we 
knew these, and found none competent to originate 
species, we should have good ground for denying their 
origin by natural causation. Till we know them, any 
hypothesis is better than one which involves ub in such 
miserable presumption. 

But the hypothesis of special creation is not only a 
mere specious mask for our ignorance ; its existence in 
Biology marks the youth and imperfection of the science. 
For what is the history of every science but the his- 
tory of the elimination of the notion of creative, or 
other intcifcrencea, with the natural order of the phteno- 
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tncna which are the Bubject-matter of that science ? 
When Astronomy was youno; " the morning stars sang 
together for joy," and the planets were guided in their 
courses hy cck'stial hands. Now, the harmony of tlie 
stars has resolved itself into gravitation aecording to 
the inverse squares of the distances, and the orliits of 
the planets are deducible from the laws of the forces 
which allow a schoolboy's stone to break a window. 
The lightning was the angel of the Lord ; but it has 
pleased Providence, in these modem times, that science 
shoidd make Jt the humble messenger of man, and wc 
know that every flash that shimmers about the horizon 
on a summer's evening is determined by ascertainable 
conditions, and that its direction and brightness might, 

I if our knowledge of these were great enough, have been 
calculated. 
The solvency of great mercantile companies rests on 
klhe validity of the laws which have been ascertained 
■to govern the seeming irregularity of that human life 
-which the moralist bewails as the most imcertain of 
things ; plague, pestilence, and famine are admitted, by 
all but fools, to be the natural result of causes for the 
most part fully within human control, and not the 

• unavoidable tortures inflicted by wrathful Omnipotence 
■upon his helpless handiwork. 
Harmonious order governing eternally continuous 
progress — the web and woof of matter and force inter- 
weaving by alow degrees, witliout a broken thread, that 
veil which lies between us and the Infinite — that 
auiverse which alone we know or can know ; such is 
the picture which science draws of the worid, and in 
proportion as any part of that picture is in unison with 
the rest, so may we feel sure that it is rightly painted. 
Shall Biology alone remain out of harmony with her 
sUtcr sciences? 
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Such arguments against the hypothesis of the dirt'ct 
creation of species as these are plainly enough deducible 
from general considerations ; but there are, in addition, 
phasnomena exhibited by species themselves, and yet 
not so much a part of their very es-ence as to have 
required earlier mention, which are in the highest degree 
perplexing, if we adopt the popularly accepted hypo- 
thesis. Buch are the facts of distribution in space and 
in time ; the singular phjenomena brought to light by 
the study of development ; the structural relations of 
species upon which our systems of classification, are 
founded ; the great doctrines of philosophical anatomy, 
such as that of homology, or of the community of 
structural plan exhibited by large groups of species 
differing very widely in their habits and functions. 

The species of animals which inhabit the sea on 
opposite sides of the isthmus of Panama are wholly 
distinct ; ^ the animals and plants which inhabit islands 
are commonly distinct from those of the neighbotmng 
mainlands, and yet have a similarity of aspect. The 
mammals of the latest tertiaiy epoch iu the Old and 
New AVorlds belong to the same genera, or family 
groups, as those which now inhabit the same great 
geographical area. The crocodilian reptiles which existed 
in the earliest secondary epoch were similar in general 
structure to those now living, but exhibit slight differ- 
ences in their vertebra*, nasal jiassagcs, and one or two 
other points. The guinea-pig has teeth which are shed 
before it is born, and hence can never subserve the 
masticatory purpose for which they seem contrived, and, 
in like manner, the female dugong has tusks which 
never cut the gum. All the members of the same 
great group run through similar conditions in their 

1 Recent inTertigations ttnd to show that tiiis statrmeot is not atricE 
f^nta.— lS7a 
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development, and all their parts, in the adult state, are 
arranged according to the same plan. Man is more like 
a gorilla than a gorilla is like a lemur. Such are a few, 
taken at random, among the multitudes of similar facts 
which modern research has established ; hut when the 
student seeks for an explanation of them from the sup- 
porters of the received hypothesis of the origin of species, 
the reply he receives is, in substance, of Oriental sim- 
plicity and brevity— " Mashallah ! it so pleases God 1" 
There are different species on opposite sides of the 
isthmus of Panama, because they were created different 
on the two sides. The pMocene mammals ai-e like the 
existing ones, because such was the plan of creation ; 
and we find rudimental organs and similarity of plan, 
because it has pleased the Creator to set before himself 
k« "divine exemplar or archetype," and to copy it in his 
I works; and somewhat iU, those who hold this view 
imply, in some of them. That such verbal hoeus-pocua 
should be received aa science wiU one day be regarded 
as evidence of the low state of intelbgcnce in the nine- 
teenth century, just as wc amuse ourselves with the 
phraseology about Nature's abhorrence of a vacuum, 
wherewith Torricelli'a compatriots were satisfied to 
explain the rise of water in a pump. And be it recol- 
lected that this sort of satisfaction works not only 
negative but positive ill, by discouraging inquiry, and 
80 depriving man of the usufnict of one of the most 
fertile fields of his great patrimony, Nature. 

The objections to the doctrine of the origin of species 
by- special creation which have been detailed, must have 
occurred, with more or less force, to the mind of every 
one who has seriously and independently considered the 
Subject. It ia therefore no wonder that, from time to 
time, this hypothesis should have been met by counter 
hypotheses, all as well, and some better, founded thsn 
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itself; and it U cui-ioua to remark ttat the iiivcntora oi 
the opposing views seem to Lave been led into them 
as much by their knowledge of geology, as by their 
acquaintance with biology. In fact, when the mind has 
once admitted the conception of the gradual production 
of the present physical state of oux globe, by natural 
cauaea openiting through long ages of time, it will be 
little disposed to allow that living being3 have made 
their appearance in anotber way, and the speculations of 
De Malllet and his successors are the natural complement 
of Scilla's demonstration of the true nature of fossils. 

A contemporary of Newton and of Leibnitz, sharing 
tiierefore in the iutelleetual activity of the remarkable 
age which witnessed the birth of modem physical 
science, Benolt de Maillet spent a long life as a consular 
ngL'nt of the French Government in various Mediter- 
ranean porta. For sixteen years, in fact, he held the 
office of Cousul-Geueral in Egjrpt, and the wonderful 
phenomena offered by the valley of the Nile appear to 
have strongly Impressed his mind, to have directed his 
attention to aU facts of a similar order which came within 
his observation, and to have led him to speculate on the 
origin of the present condition of our globe and of ita 
inhabitants. But, with all his ardour for science, De 
Maillct seems to have hesitated to publish views ■which, 
notwithstanding the ingenious attempts to reconcile 
them with the Hebrew hypothesis contained in the 
preface to "TeUiamed," were hardly likely to be receive4'J 
with favour by his contemporaries. _1 

But a short time had elapsed since more than one of" 
the great anatomists and physicists of the Italian school 
had paid dearly for their eiideavours to dissipate s ome of 
the prevalent errors ; and their illustrious pupil, Harvey, 
the founder of modem physiology, had not fared so well, 
in a country less oppressed by the benumbing influenceg'J 
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of tlicology, as to tempt any man to follow his example. 
Probably not uninfluenced by these considerations, hiy 
Catholic majesty's Consul-General for Egypt kept his 
theoi.'ic9 to himself throughout a long life, for "Telli- 
amed," the only scientific work which is known to have 
proceeded from his pen, was not printed till 1735, when 
its author had reached the ripe age of seventy-nine ; and 
though De JIaillet lived three years longer, his book was 
not given to the world before 1748. Even then it was 
anonymous to those who were not in the secret of the 
auagramatic eharaxjter of ita title ; and the preface and 
dedication are so worded as, m case of necessity, to give 
the printer a fair <!hanee of falling back on the excuse 
that the work was intended for a mere jeu d'esprit. 

The speculations of the supposititious Indian sage, 
'though quite as sound as those of many a "Mosaic 
Geology," which sells exceedingly well, have no great 
Taliie if we consider them by the light of modern 
science. The waters are supposed to have originally 
covered the whole globe ; to have deposited the rocky 
masses which compose its mountains by processes com- 
parable to those which are now forming mud, sand, and 
shingle ; and then to have gradually lowered tlicir level, 
leaving the spoils of their animal and vegetable inhabi- 
tants embedded in the strata. As the dry land appeared, 
certain of the aquatic animals are supposed to have 
taken to it, and to have become gradually adapted to 
terrestrial and aerial modes of exist^'nce. Uut if wo 
regard the general tenor and style of the reasoning in 
relation to the state of knowledge of tbe dijy, two 
eireumstances appear very well worthy of remark. The 
first, that De MaiUet had a notion of the modifiabiHty of 
"".ving forms (though without any precise information on 
le subject), and how such modifiability might account 
ir the origin of species ; the second, that he vec\ 
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clearly apprehended the great modem geological doc- 
trine, 80 strongly insisted upon by Hutton, and bo 
ably and comprehensively expounded by LyeU, that we 
must look to existing causes for the explanation of paat 
geological events. Indeed, the foUowiug passage of the 
preface, in which De MaUlet is supposed to speak of the 
Indian philosopher Telhamed, his alter ego, might have 
lieen written by the most philosophical uuifoi-mitarian of 
the present day ; — 

" Ce qu'il y a d'^tonnant, est que pouT arriver i, ces connoissanwa 
il semble avoir perverti I'onire naturel, puiaqu'au lieu de s'attaclier 
'I'abord k rechercher Vorigiae de notre globe U a commenca par 
traToiller k a'instmire do U nature. Maia ^ Tentendre, ce renveree- 
loent ds I'ordre a ita pour lui I'efTet d'un giSnie favorable qui I'a 
conduit pas k poa et comme par la main aux docoayertes lea plus 
sublimes. C'est en dccomposant la substance de ce globe par line 
anatoniie exacts de toutes sea partiea qu'il a premi^rement appris de 
quelles matierea il etait compost et quels arron;,'eTnen3 cea mSmea 
mati&res observaient entie elles. Ces Immciee joist^s ik Veapiit de 
comparaison toajoura tii^u^saaire k quiconqiie entreprend de percer lea 
voiles dont la nature aime h ae cacher, ont servi de guide h. notte 
pUilosophe pour parvenir k des connoiaaancca plus iatfireaaantes. ~ 
la mali^re et rarrangement de ces compoaitiona il pretend 
reconnu quelle eat la viiritable origine de ce globo que nouB liabil 
oomment et par qui il a ite forme."— Pp. six. xx. 

But De Maillet was before his age, and as coi 
hardly fail to happen to one who speculated on a zoolo- 
^cal and botanical question before Limiieiis, and on a 
physiological problem before Haller, be fell iuto great 
errors here and there ; and hence, perhaps, the general 
neglect of his worli. Eobinet's speculations are rather 
behind, than in advance of, those of De Maillet ; and 
though Linnaeus may have played with the hypothesis 
af transmutation, it obtained no serious support until 
Lamarck adopted it, and advocated ■ it with great ability, 
in his " Philosophic Zoologique." 

Impelled towards the hypothesis of the tran3mutati< 
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of species, partly by his general cosmological anil geolo* 
gical views ; partly by the conception of a graduated^ 
though irrcgutarly branching, scale of being, which had 
arisen out of liis profound study of plants and of the 
lower forms of animal life, Lamarck, whose general line 
of thought often closely resembles that of De Maillet, 
made a great advance upon the crude and merely specu- 
lative manner in which that writer deals with the ques- 
tion of the origin of living beings, by endeavouring to 
find physical causes competent to efiect that change of 
one species into another, which De Maillet had only 
supposed to occur. And Lamarck conceived that be 
had found in Nature such causes, amply sufficient for the 
purpose in view. It is a physiological fact, he says, that 
organs are increased in size by action, atrophied by 
inaction ; it is another physiological fact that modifica- 
tions produced are transmissible to offspring. Change 
the actions of an animal, therefore, and you will change 
its structure, by increasing the development of the parts 
newly brought into use and by the diminution of those 
less used ; but by altering the circumstances which 
siuT.'Ountl it you will alter its actions, and hence, in the 
long run, change of circumstance must produce change 
of organization. AU the species of animiils, therefore, 
are, in Lamarck's view, the result of the indirect action 
of changes of circumstance upon those primitive germs 
which he considered to have originally arisen, by spon- 
taneous generation, within the waters of the globe. It 
is curious, however, that Lamarck should insist so 
Btrongly^ aa he has done, that circumstances never in 
jiny degree directly modify the form or the organization 
of animals, but only operate by changing their wants 
and consequently their actions ; for .he thereby brings 
I himself the obvious question, how, then, do plant^ 
' See PhiL Zoolo^iqae, vol. L p. 232, et scq. 
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which caiinot he said to have wants or actions, become 
modified 1 To tliis he replies, that they are modified 
by the chsiages in their nutritive processes, which are 
I effected by changing circumstances ; and it docs not 
\ seem to have occurred to him that such chanj^es might 
be as well supposed to take place among animals. 

When we have said that Lamarck felt that mere 
speculation was not the way to arrive at the origin of 
species, but that it was neccssaiy, in order to the estah- 
[ lishment of any sound theory on the subject, to discover 
i by observation or otherwise, some vera causa, competent 
to give rise to them ; that he aflSrmed the true order of 
classification to coincide with the order of their develop- 
ment one from another ; that he insisted on the necessity 
of allowing sufficient time, very strongly ; and that all 
the varieties of instinct and reason were traced back by 
him to the same cause as that which has given rise to 
species, we have enumerated his chief contributions to 
I the advance of the question. On the other hand, from 
f his ignorance of any power in Nature competent to 
L modify the structure of animals, except the development 
I of parts, or atrophy of them, in consequence of a change 
I of needs, Lamarck was led to attach infinitely greater 
I weight than it deseiTes to this agency, and the absur- 
I dities into which he was led have met with deserved 
I condemnation. Of the struggle for existence, on which, 
r as, we shall sec, Mr. Darwin lays such great stress, he had 
lino conception ; indeed, he doubts whether there really 
lare such things as extinct species, unless they be such 
I large auimala as may have met their death at tlie hands 
of man ; and so Utile does he dream of there being any 
other destructive causes at work, that, in discussing 
, the possible existence of fossil shells, he asks, "Pourquoi 
fd'aillcurs scroient-ils perdues des que Thomme n'a pu 
loperer leur destruction?" (Phil. Zool., voL i, p. 77.) 
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Of the iDflucnce of selection Lamarck tas as little 
notion, and he makes no use of tlic wonderful phEeno- 
mena which are exhibited by domesticated animals, and 
illustrate its powers. The vast influence of Cuvier was 
cmjilojed against the Lamarckian views, and, as the 
untenability of some of his conclusions was easily 
shown, his doctrhies eank under the opprobium of 
scientiiic, as weU as of theological, heterodoxy. Nor 
have the efforts made of late years to revive them 
tended to re-establish their credit in the minds of sound 
thinkers acquainted with the facts of the case ; indeed 
it may be doubted whether Lamarck has not suficred 
more from lis friends than from his foes. 

Two years ago, in fact, though we venture to question 
if even the strongest supporters of the special creation 
hypothesis bad not, now and then, an uneasy conscious- 
ness that all was not ri2;ht, their position seemed more 
impregnable than ever, if not by its own inherent strength, 
at any rate by ths obvious failure of all the attempts 
which had been made to carry it. On the other hand, 
however much the few, who thought deeply on the 
question of species, might be repelled by the generally 
received dogmas, they saw no way of escaping from 
them, save by the adoption of suppositions, so little jus- 
tified by experiment or by observation, as to be at least 
equally distasteful. 

The choice lay between two absurdities and a middle 
condition of uneasy scepticism ; which last, however 
unpleasant and unsatisfactory, was obvioufdy the only 
justifiable state of mind under the circumstances. 

Such being the general ferment in the minds 'of 
naturalists, it is no wonder that they mustered strong in 
the rooms of the Linnasan Society, oa the 1st of July of 
the year 1S58, to hc;ir two papers by authors living 
on opposite sides of the globe, working out their results 
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indcpenclently, and yet professing to have discovered onu 
and the same solution of all the problems connected witli 
6peciea. The one of these authors was an able naturalist, 
Mr. Wallace, who had been employed for some years in 
studying the productions of the islands of the Indian 
Archipelago, and who had forwarded a memoir embody- 
ing hia views to Mr. Darwin, for communication to the 
Linnaean Society, On perusing the essay, Mr. Darwin 
was not a little surprised to find that it embodied some 
of the leading ideas of a great work which he had been 
preparing for twenty years, and parts of which, contain- 
ing a development of the very same views, had been 
pemsed by his private frienda fifteen or sixteen years 
before. Perplexed in what manner to do full justice 
both to his friend and to himself, Mr. Darwin placed 
the matter in the hands of Dr. Hooker and Sir Charles 
Lycll, by whose advice ho communicated a brief abstract 
of his own views to the LinnEean Society, at the same 
time that Mr. "Wallace's paper was read. Of that abstract, 
the work on the " Origin of Species " is an enlargement ; 
but a complete statement of Mr. Darwin's doctrine is 
looked for in the large and well-illustrated work which 
he is said to be_ prepai'ing for publication. 

The Darwiuifin hj-pothosis has the merit of being 

eminently simple and comprehensible in principle, and 

if-s essential positions may be stated in a very few 

words : all species have been produced by the develop- 

1 ment of varieties from common stocks by the conversion 

I of these firet into permanent races and then into new 

[ species, by the process of natural selection, which 

I process is essentially identical with that artificial selec- 

> tion by which man has originated the races of domestic 

I (mimals — the struggle for existence taking the place 

L of man, and exertiiig, in the case of natural selection, 
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tliat selective action which he pcrforma ia artificial 
selection. 

The evidence brought forward by Mr. Darwin in 
support of his hypothesis is of three kinds. Fiist, he 
endeavours to prove that species may be originated by 
selection ; secondly, he attempts to show that natural 
causes are competent to exert selection ; and thirdly, he 
tries to prove that the most remarkable and apparently 
anomalous phrenomena exhibited by the distribution, de- 
velopment, and mutual relations of species, can be shown 
to be deducible from the general doctrine of their origin, 
which he propounds, combined with the known facts of 
geological change ; and that, even if all these phienomena 
are not at present explicable by it, none arc nccessai'ily 
inconsistent with it. j 

There cannot be a doubt that the method of inquiry 1 
which Mr. Darwin has adopted is not only rigoroudy in \ 
accordance with the canons of scientific logic, but that it 
is the only adequate method. Critics exclusively trained 
in chissics or in mathematics, who have never determined a 
scientific fact in their lives by induction from experiment 
or observation, prate learnedly about Mr. Darwin's 
method, which is not inductive enough, not Baconian 
enough, forsooth, for them. But even if practical ac- 
quaintance with the process of scientific investigation is 
denied them, they may learn, by the perusal of Mr. 
Mill's admu-able chapter " On the Deductive Method," 
that there are multitudes of scientific inquiries, in which 
the method of pure indnction helps the investigator but 
a very little way. j 

"The moJa of investigation," says Mr. Mil!, "which, from th* m 
proved inapplicability of direct metboUa of ohservaliou and experi- ■ 
ment, rcmaina to ua as the main souroe of the knowledga we posaesa, 
or can acquit^ tespeotiiig the conditiona and laws of recurrence of tha 
taoM complex phccnomeua, ia called, in ita most geneiaL e£.^c«uiin.^ 
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^H the deilactive method, udiI consieta of three operations : the finti COB 
^H 9f direct induction; the eecoud, of ratiocination; and the Uutdf vi 

^B Teiifiuition." 

^P Now, the conditions wHch have determined the ex- 
^B istence of species are not only exceedingly complex, 
but, so far as the great majority of them are concerned, 
are necessarily beyond our cognizance. But what Mr. 
Darwin has attempted to do is in exact accordance with 
the rule laid down by Mr. Mill ; lie has endeavoured to 
determine certain great facta inductively, by observatioa 
and experiment ; lie has then reasoned from the data 
thus furnished ; and lastly, he has tested the validity of 
his ratiocination by comparing his deductions with the 
observed facts of Nature, Inductively, Mr. Darwin en- 
deavours to prove that species arise in a given way. 
Deductively, he desires to show that, if they arise in that 
way, the facts of distribution, development, classification, 
&c., may be accounted for, i.e. may be deduced from 
their mode of origin, combined with admitted changes in 
physical geography and climate, during an indefinite 
period. And this explanation, or coincidence of observed 
with deduced facts, is, so far as it extends, a verification 
of the Darwinian view. 

There is no fault to be found with Mr, Darwin's 
method, then ; but it is another question whether he has 
fulfilled all the conditions imposed by that method. Is 
it satisfactorily proved, in &ct, that species may he 
originated by selection? that there is such a thing as 
natural selection ? that none of the phsenomena exhibited 
by species are inconsistent with the origin of species in this 
way ? If these questions can be answered in the affirm- 
ative, Mr. Darwin's view steps out of the ranks of hypo- 
theses into those of proved theories ; but, so long as the 
evidence at present adduced falls short of enforcing that 
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affirmation, so long, to oiir minils, muattlie new doctrine 
be content to roma,in among the former— an extremely 
valuable, anrl in the highest degree probable, doctrine, 
indeed the only extant hypothesis which is worth any- 
thing in a scientific point of view ; but still a hypothesis, 
and not yet the theory of species. 

After much consideration, and with assuredly no bias 
against Mr. Darwin'a views, it is cur clear conviction 
that, as the evidence stands, it is not absolutely proven 
that a group of animals, having all the charaetcra exhi- 
bited by species in Nature, has ever been originated by 
selection, whether artificial or natural. Groups having 
the morphological character of species, distinct and per- 
manent races in fact, have been 8o produced over and 
over again ; but there is no positive evidence, at present, 
that any group of animals has, by variation and selective 
breeding, given rise to another group which was even in 
the least degree infertile with the fii'st. Mr. Darwin is 
perfectly aware of this weak point, and brings forward a 
multitude of ingenious and important arguments to di- 
minish the force of the objection. We admit the value 
of these arguments to their fullest extent ; nay, we will 
go so far aa to express our belief that experiments, con- 
ducted by a skilful physiologist, would very probably 
obtain the desired production of mutually more or lees 
infertile breeds from a common stock, in a compai'atively 
few years ; but still, as the case stands at present, this 
"little rift within the lute" is not to be disguised nor -l 
overlooked. - 1 

In the remainder of Mr. Darwin's argument our own 
private ingenuity has not hitherto enabled us to pick 
holes of any great importance ; and judging by what wa 
hear and read, other adventurers in the same field do not 
seem to have been much more fortunate. It has been 
urged, for instance, that in his chapters on the struggle 
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for existence and on natura] selection, Mr, Darwin docs 
not so much prove that oatDial selection does occiir, as 
that it must occur ; but, in fact^ do other sort of demonstra- 
tion is attainable. A race does not attract our atteDtuni 
in Nature until it has. in all probability, existed for & 
considerable time, and then it is too late to inquire into 
dte conditions of its origin. Again, it is said that there 

no real analogy between the selection which takes 
place under domestication, by human influence, and any 
operation which can be effected by Nature, for man inter- 
feres intelligently. Reduced to its elements, this argu- 
ment implies that an effect produced with trouble by an 
intelligent agent musf^ d fortiori, be more troublesome if 
not impossible, to an unintelligent agent. Even putting 
aside the question whether Nature, acting as she does 
according to definite and invariaUe laws, can be rightly 
called an unintelligent agent, such a position as this is 
wholly untenable, filis salt and sand, and it shall puzzle 
tlio wisest of men, with his mere natural apphanccs, to 
fleparate all the grains of sand from ail the grains of salt ; 
but a shower of rain will effect the same object in ten 
minutes. And so, while man may find it tax all his in- 
tcUigeneo to separate any variety which arises, and to 
brood selectively from it, the destructive agencies inces- 
aantly at work in Nature, if they find one vaiiety to be 
more soluble in circumstances than the other, will incvit- 
fcbly, in the long run, eliminate iL 

A irequent and a just objection to the liamarckian 
hypothesis of the transmutation of species is based upon 
tne absence of transitional forms between many species. 
But against the Darwinian hypothesis this argument has 
no force. Indeed, one of the most valuable and sugges- 
tive pui'ts of Sir. Darwin's work is that in which ho 
proves, that the frequent absence of transitions is a ne- 
•ossary consequence of his docti-iue. and that the stock 
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wtenci) two or more spGciea have sprung, neecl in no 
respect be iia termed ia to between these species. If any 
two species have arisen from a common stock in the same 
way as the carrier and the pouter, say, have arisen from 
the rock-pigeon, then the common stock of these two 
Bpecies necil be no more intermediate between the two 
than the rock-pigeon is between the earlier and pouter. 
Clearly appreciate the force of this analogy, and atl the 
arguments against the origin of species by selection, baaed 
on the absence of transitional forms, fall to the groxmd. 
And Jlr. Darwin's position might, we think, have been 
even stronger than it is if he had not embarrassed himself 
with the aphorism, "Naf'ira no7i facit saltum" which 
turns up BO often in his pages. Wo believe, as we have 
said above, that Nature does make jumps now and then, 
and a recognition of the fact is of no small importance 
in disposing of many minor objections to the doctrine 
of transmutation. 

But we must pause. The discussion of Mr. Darwin's 
arguments in detail would lead us far beyond the limits 
witliin which we proposed, at starting, to confine this 
article. Our object has been attained if we have given 
an intelligible, however brief, account of the established 
facts connected with species, and of the relation of the 
explanation of those facts offered by Mr. Darwin to the 
theoretical views held by his predecessors and his con- 
tomporaries, and, above all, to the requirements of scien- 
tific logic. AVe have ventured to point out that it does 
not, as yet, satisfy all those requirements ; but we do not 
hesitate to assert that it is as superior to any preceding 
or contemporary hypothesis, in the extent of observational 
and experimental basis on which it rests, in its rigorously 
Ecicntific method, and in its power of explainiug biolo- . 
gical phEenomena, as was the hypothesis of Copernicus to:a 
the apeculatioDS of Ptolemy, But the planetary orbitil 
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turned out to bo not quite circular after all, and, grand 
as was the service Copernicus rendered to science, Kepler 
and Newton had to come after him. "What if the orbit 
of Darwinism should be a little too circular I What if 
Bpeciea should offer residual phaenomena, here and there, 
not explicable by natural selection % Twenty years hence 
naturalists may be in a position to say whether this ia, or 
is not, the case ; but in eith&r event they will owe the 
author of "The Origin of Spooies" an immense debt of 
gratitude. We should leave a very wrong impression on 
the reader's mind if we permitted him to suppose that 
the value of that work depends wholly on the ultimate 
justification of the theoretical views which it contains. 
On the contrary, if they were disproved to-morrow, the 
book would still be the best of its kind — the most com- 
pendious statement of well-sifted facts bearing on the 
doctrine of species that baa ever appeared. The chapters 
on Variation, on the Struggle for Existence, on Instinct, 
I on Hybridism, on the Imperfection of the Geological 
Eecord, on Geographical Distribution, have not only no 
equals, but, so far as our knowledge goes, no competitors, 
within the range of biologiccl literature. And viewed as 
a whole, we do not believe that, since the publication of 
Von Baer's Researches on Development, thirty years ago, 
any work has appeared calculated to exert so large an 
influence, not only on the future of Biology, but in ex- 
tending the domination of Science over regions of thought 
into which she btiB, as yet, hardlv ncnctrated. 
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p. TJkbeb DIB DAHwiN'acnB Sen 
A. KoLLiCER. Leipzig, JSGi. 
£. Examination nn Livre db M. Dai 
Pai P. Ploubens, Paris, 18G4. 



In" the course of tlie present year [18G4] several foreign 
commentaries upon llr. Danvin's great work have made 
their appearance. Those who have perused that re- 
markable chapter of the " ABtiquity of Man," in which 
Sir Charles Lyell draws a parallel between the develop- 
ment of species and that of languages, will be glad to 
hear that one of the most eminent philologera of Ger- 
many, Professor Scblcicber, has, independently, published 
a most instructive and phUosopbical pamphlet (an excel- 
lent notice of which is to be found in the Header, ] 
for February 27th of this year) supporting similar viewa ' 
with all the weight of hia special knowledge and 
established authority aa a linguist. Professor Haeckel, 
to whom Schleicher addresses himself, previously took 
[Occasion, in his splendid monograph on the Radiolaria^ 

* « Die EadiolMien : eine Monographie," p. 23L 
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to express his liigh appreciation o^ and general concoi-d- 
ance witb, Mr. Darwiu's views. 

But the most elaborate critieisma of the " Origin of 
Species " which have appeared are two works of very 
widely different merit, the one by Professor KoUiker, the 
well-known anatomist and histologist of Wiirzburg ; the 
other by M. Flourens, Perpetual Secretary of the French 
Academy of Sciences. 

Professor Kolliker'a critical essay ** Upon the Dar- 
winian Theory " is, like all that proceeds from the pen 
of that thoughtful and accomplished writer, worthy of 
the most careful consideration. It comprises a brief but 
clear sketch of Darwin's views, followed by an enume- 
ration of the leading difficulties in the way of their 
acceptance ; difficulties which would appear to be insur- 
mountable to Professor Kolliker, inasmuch as he proposes 
to replace Mr. Darwin's Theory by one which he terms 
the " Theory of Heterogeneous Generation." We shall 
proceed to consider first the destructive, and secondly, 
the constructive portion of the essay. 

We regret to find ourselves compelled to dissent very 
widely imxa. many of Professor Kolliker's remarks ; and 
from none more thoroughly than from those in which he 
seeks to define what wo may term the philosophical 
position of Darwinism. 

"Darwin," Bays Profeasor KollilEeT, "is, in the fullest sense of tlie 
word, a Teleologist. He snya quite distinctly (First Edition, pp. 199, 
200) that every particular in the stmctiiro of an animal lias Ijeen 
creftt«ii for its benefit, and he regards tlie whole serins of animal forma 
only from this point of view." 

And again : 

" 7. The teleological general conception adopted by Darwin ia a 
Oiistakcn one. 

" Varieties arise irrespectively of the notion of purpoao, or of ntUitj, 
■ccoriling to general lawa of Natuce, and may be either useful, cv 
hurtful, or indiffirent 
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"The aeaumption that an organism eslsts only on account of somo 
definite end in view, and repitsButa something more than the incor- 
^ration of a general idea, or law, implies a one-sided conception of 
the Bniverce. Assuredly, every organ lias, and every oi'ganism fuldla, 
ita end, hut its purpose is not the condition of its existence. Every 
oi^ganism is also aullicienlly perfect fur the pnrpose it serves, and in 
thalj at least, it ia useless to seek for a cause of its improvement." 

It is singular how differently one and the same book 
■will impress different minds. That which stmck the 
present writer most forcibly on his first perusal of the 
" Origin of Species" was the conviction that Teleology, 
aa commonly uoderatood, had received ita deathblow at 
Mr. Darwin 'b hands. For the toleological argument runs 
thus : an organ or organism (A) is precisely fitted to 
peiform a function or purpose (B) ; therefore it was 
epecially constructed to perform that function. In 
Paley's famous illustration, the adaptation of all the 
parts of the watch to the function, or purpose, of show- 
ing the time, is held to be evidence that the watch was 
specially contrived to that end ; on the ground, that the 
only cause we know of, competent to produce such an 
effect as a watch which shall keep time, is a contriving 
intelligence adapting the meana directly to that end. 

Suppose, however, that any one bad been able to show 
that the watch had not been made directly by any 
j>erson, but that it was the result of the modification 
of another watch which kept time but poorly ; and that 
this again had proceeded from a structure which could 
hardly be called a watch at all — seeing that it had no 
figures on the dial aud the hirnds were rudimentary; 
and that going back and back in time we came at last 
to a revolving barrel as the earliest traceable rudiment 
of the whole fabric. And imagine that it had been 
possible to show that dl these changes had resulted, first, 
from a tendency of the structure to vary indefinitely ; 
und Beoondly, fi-om something in the surrounding world 
J*' 
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. ■which helped all variations in the direction of an accu- 
rate tirae-kcoper, and cheeked all those in other directions; 
then it is oljvious that the force of Paley's argument 
would be gone. For it would be demonstrated that an 
apparatus thoroughly well adapted to a particular pur- 
pose might be the result of a method of trial and error 
worked by imintelligent agents, as well as of the direct 
application of the means appropriate to that end, by an 
intelligent agent. 

Now it appears to us that what we have here, for illus- 
tration's sake, supposed to be done with the watch, is 
exactly what the establishment of Darwin's Theory will 
do for the organic world. For the notion that every 
organism has been created as it ia and launched straight 
at a purpose, Mr, Darwin substitutes the conception of 
something which may fairly be termed a method of trial 
and error. Organisms vary incessantly; of those varia- 
tions the few meet with surrounding conditions which 
suit them and thrive ; the many are unsuited and be- 
come extinguished. 

Aceoixling to Teleology, each organism is like a rifle 
bullet fired straight at a mark; according to Darwin, 
organisms are like grapesbot of which one hits some- 
thing and the rest fall wide. 

For the teleologist an organism exists because it was 
made for the conditions in which it is found ; for the 
Darwinian an organism exists because, out of many of 
its kind, it is the only one which has been able to pei-sist 
m the conditions in which it is found. 

Teleology implies that the organs of every organism 
are perfect and cannot be improved ; the Darwinian 
theory simply affirms that they work well enough to 
enable the organism to hold its own against such com- 
petitors as it has met with, but admits the possibility of 
indefinite improvement. But an example may bring 
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into clearer light the profound opposition between th» J 
ordinary tcleological, aud the Darwinian, conception. T 

Cats catch mice, small birds and the like, very well. 
Teleology tells us that they do so because they were 
expressly constructed for so doing — that they are perfect 
mousing apparatuses, so perfect and so delicately ad- 
justed that no one of their oi'gans could be altered, 
without the change involving tlie alteration of all the 
rest, Darwinism affirms, on the contrary, that there 
was no express construction concerned in the matter; 
but that among the multitudinous variations of the 
Feline stock, many of which died out from want of 
power to resist opposing inHucnces, some, the cats, were 
better fitted to catch mice than others, whence they 
throve and persisted, in proportion to the advantage 
over theu: fellows thus oilcred to them. 

Far from imagining that eats exist in order to catch 
mice well, Darwinism supposes that cats exist because 
they catch mice well — mousing being not the end, but 
the condition, of their existence. And if the cat-type 
has long persisted as wc know it, the interpretation of 
the fact upon Darwinian principles would be, not that 
the cats have remained invariable, but that such varieties 
as have incessantly occurred have been, on the whole, 
less fitted to get on in the world than the existing 
stock. 

If we apprehend the spirit of the " Origin of Species " 
rightly, then, nothing can be more entirely and abso- 
lutely opposed to Teleology, as it is commonly under- 
stood, th;m the Darwinian Theory. So far fi-om being 
a " Teleologist in the fullest sense of the word," we 
should deny that he is a Teleologist in the ordinary 
Eense at all ; and we should say that, apart from hia 
merits as a naturalist, he has rendered a most remarkable 
eerviee to philosophical thought bj- enabling the student 
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of Nature to recognise, to their fullest extent, those adap- 
tations to purpose which are so striking in the organic 
world, and which Teleology has done good service in 
keeping before our minds, without being false to the 
fundamental principles of a scientific conception of the 
universe. The apparently diverging teachings of the 
Teleologist and of the Jlorphologist are reconciled by 
the Darwinian hypothesis. 

But leaving our own impressions of the " Origin of 
Species," and turning to those passages specially cited by 
Professor KoUiker, we cannot admit that they bear the 
interpretation he puts upon them. Darwin, if we read 
him rightly, does not affirm that every detail in the 
Btructure of an animal has been created for its benefit 
His words are (p. 199) : — 

"The foregoing remarts lead me to say % few words on the protest 
lately made by Bonie naturalists against tlie utilitarian doctrine tliat 
erory detail of structure has been produced for tbe good of its poBseBsor. 
They believe that very many atructurea have been created for beauty 
in the eyes of man, or for mere variety. This doctrine, if true, wonld 
be absolutely fatal to my theory — yet I fully admit that man; atruc- 
torea are of no direct uae to their posseasor." 

And after sundry illustrations and qualifications, he 
concludes (p. 200) : — 

" Hence every detail of stnicture in every living creatnre (making 
some little allowance for the direct action of physical conditions) may 
be viewed either as having been of special use to some ancestral form, 
or as being now of special use to the descendants of this form — either 
directly, or indirectly, through the comples laws of growth," 

But it is one thing to say, DarwinicaUy, that every 
dt'tail observed in an animal's structure is of use to it, 
or has been of use to its ancestors ; and quite another 
to itifirm, telcologicaJly, that every detail of an animal's 
Btructure has been created for its benefit. On the former 
hypothesis, for example, the teeth of the fcetal Balana 
htve a meaning; on the latter, none. So far as we arc 
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aiv^re, tlicre is not a ptrase in the " Orij^in of Species," 

inconsistent mth Professor Kolliker'a posirion, tlia,t " va- 

t rietics arise irrespectively of tlie notion of purpose, or 

I »f utility, according to general Laws of Nature, and may 

I he eitlier useful, or hurtful, or indifferent." 

On the eontrary, Mr. Darwin writes (Summary of 
Chap. V.) :— 

" Our ipnoranco of the lawa of Tariation is profound. Not in one 
case out of a humlred can 'we pretend to assign any reason why this or 
that part varies more or less from the same part in the parents, .... 
The external conditions of life, as climate and food, &a. seem to have 
induced some slight modifications. Habit, in producing constitutional 
F^^differences, and use, ia strengthening, and disuse, in weakening and 
' miniahing organs, seem to have been mora potent in thait effects." 

And finally, as if to prevent all possible misconception, 
■ llfr. Darwin concludes hia Chapter on Variation with 
V.]tbese pregnant words : — 

"Wliatever the cause may he of each slight difTcreneeinthe offspring 
from their parents — and a cause lor each must exist — it ia the steady 
accumulation, through natural selection of such differences, when bene- 
ficial to the individual, that gi'ea rise to all the more important 
modifications of etructnre, by which the iiunimerable beinga on the 
face of the earth ai'e enabled to struggle with each other, and the best 
adapted to survive." 

We have dwelt at length upon this subject, hecause of 
its great general importance, and because we believe that 
Professor KoUiker's criticisms on this head are based 
upon a misapprehension of Mr. Darwin's views — sub- 
stantially they appear to ii3 to coincide with hia own. 
The other objections which Professor Kolliker enumerates 
and discusses are the following •} — 

"1. No transitionol forms between existing ppecics are known j 
and known varieties, whether selected or spun tan eoua, never go so 
far aa to establish new species." 

' Space will not allow ns to give Professor Kolliker's arguments in det»il ) 
oar leadera will lind a fidl and accumte veitiiou of liiem in Uie lUada iat 
A.iigust l^ih and SOtb, l^Gi. 
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To this Professor Kolliker appeara to attach some 
weight He makes the suggestion that the ehort-faced 
tumbler pigeon may be a pathological product. 

" S. Xo transitional fonna of miimali) are met witli among the 
'of earlier epoch*" 



Upon this. Professor Kolliter remarks that the absence 
of transitional forms in the fossil world, though not ne- 
cessarily fatal to Darwin's views, weakens hia case. 
"3. The Etmggle for existence does not take place." 
To this objection, urged by Pekelnj Kolliker, 
justly, attaches no weight, 

to useful varieties and 
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" The varieties wliiuh are found arise in consequence of manifold 

exlemal iufluences, and it is nnt obvious why they all, or partially, 

should be partii:ularly usefuL E.Lch animal suffices for its own ends, 

iTt perfect of its kiud, and needs no further development. Should, 

1 however, a variety be useful and even maintain itself, there ia no 

V. obvious resson why it should change any further. The whole con- 

■ oeption of the imperfection of organisms and the necessity of their 

becomiDg perfected is plainly the weakest aide of Darwin's Theory, 

■ud a pis alter (Ifotlihelielf) because Darwin could think of no otiitr 

principle by which to explain the metamorphoses which, as 1 alau 

believe, have occurred," 

Here again we must venture to dissent completely 
from Professor Kollikor's conception of Mr. Darwin's 
hypothesis. It appeara to us to be one of tlie many 
peculiar merits of that h}'pothesi3 that it involves no 
belief in a necessary and continual progress of organisms, 
Again, Mr. Darwin, if we read him aright, assumes 
no special tendency of organisms to give rise to useful 
varieties, and knows nothing of needs of development, 
or necessity of perfection. What he says is, in sub- 
Btance : All organisms vary. It is in the highest degree 
improbable that any given variety should have exactly 
the same relations to surrounding conditions aa the 
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parent Btock. Tu that case it is either better fitted 
(when the variation may be calleJ useful), or worse 
Htted, to cope with them. If better, it will teod to 
supplant the parent stock ; if worse, it will tend to be 
extinguished by the parent stock. 

If (as ia hartUy conceivable) the new variety ia so per- 
fectly adapted to the conditions that no improvement upon 
it is possible, — it will persist^ because, though it does 
not cease to vary, the varieties wUl be inferior to itself. 

If, as ia more probable, the new variety is by no 
means perfectly adapted to its conditions, but only 
faii'ly well adapted to them, it will persist, so long as 
none of the varieties which it throws off are better 
adapted than itself. 

On the other hand, as soon as it varies in a useful 
way, i. e. when the variation is such as to adapt it more 
perfectly to its conditiona, the fresh variety will tend 
to supplant the former. 

So far from a gradual progress towards perfection 
forming any necessary part of the Darwinian creed, it 
appears to us that it ia perfectly consistent with indefinite 
persistence in one state, or with a gradual retrogression. 
Suppose, for example, a return of the glacial epoch and 
a spread of polar eUmatal conditions over the whole 
globe. The operation of natural selection under these cir- 
cumstances would tend, on the whole, to the weeding out 
of the higher organisms and the cherishing of the lower 
forms of life. (>yptogamic vegetation would have the 
advantage over Phanerogamic ; Hydrozoa over Corals ; 
C'ltiStacea over Insecta, and Amphipoda and Isopoda 
over the highT Crustacea; Cetaceans and Seals over 
the Primates, the civilization of the Esquimaux over 
that of the European. 

" 6. Pelzeltt has also objected tliat if the later or^-anisms hnva 
proueeJed tiom tlie earlier, Uis whole dBvelopmental series, from tlie 
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simplest to the highest, could not now exit^t; in snch k cose tlM 
dmpler organiams moat have disappeared." 

To this Professor KoUiker replies, with perfect justice, 
that the conclusion drawn by Pelzeln does not really 
follow from Darwin's premises, and that, if we take the 
facts of Pa^teontology as they stand, they rather support 
than oppose Darwin's theory. 

"6. Great weight miiat he attached to the objection hrought forward 
by Huxley, otherwise a warm supporter of Barwin'e hypnthesia, that 
we know of no varieties which are sterile with one another, as is tho 
nila among sharply distinguished animal forma. 

" If Darwin is right, it niiist be demonstrated that forms may be 
produced by selection, which, like the present sharply distinguished 
animal forms, are infertile when coupled with one another, and this 
has not been done." 

The weight of this objection is obvious ; but our 
ignorance of the conditions of fertility and sterility, 
the want of carefully conducted experiments extending 
over lonfj series of years, and the strange anomalies 
presented by the results of tho cross-fertilization of 
many plants, should all, as Mr. Darwin has urged, be 
taken into account in considering it. 

The seventh objection is that w^ have already 
cussed {suprd., p. 329). 

The eighth and last stands as follows : — 

" 8. The dnvelopmeiilal theory of Darwin ia not needed to enable bb 
to underatand the regular harmouiouB progress of the complete series 
of oi^anic forma from the simpler to the more perfect. 

"The existence of general laws of Katuro explains this harmony, 
even if we assume that all heings have arisen separately and inde- 
pendent of one another. Darwiu forgets that inoi^anic nature, in 
which there can be no thought of a genetic connexion of forma, 
exhibits the same regular plan, the same harmony, as the organic 
worldj and that, to cite only one example, thera is as much a natuiul 
ciystem of minerals as of plants and animals." 

We do not feel quite sure that we seize Professor 
K'jllikcr's meaning here, but he appears to suggest that 
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tlie observation of the general order and harmony -which 
pervade inorganic nature, would lead ns to anticipate a 
similar order and harmony in the organic world. And 
thia i8 no doubt true, but it by no means follows that 
the particular order and hai-mony observed among them 
shoiild be that which we see. Surely the stripes of dun 
horses, and the teeth of the fcetal Balcena, are not ex- 
plained by the " existence of general laws of Nature." 
Mr. Darwin endeavours to explain the exact order of 
ot^anio nature which exists; not the mere fact thatj 
there is some order. 1 

And with regard to the existence of a natural system 
of minerals; the obvious reply is that there may be a 
natural classification of any objects — of stones on a sea- 
beach, or of works of art ; a natural classification being 
simply an assemblage of objects in groups, so as to 
express their most important and fundamental re- 
semblances and differences. No doubt ]Mr. Daiwin be- 
lieves that those resemblances and differeneea upon 
which our natural systems or classifications of animals 
and plants are based, are resemblances and differences 
which have been produced genetically, but we can dis- 
cover no reason for supposing that he denies the existence 
of natural classifications of other kinds. 

And, after all, is it quite so certain that a genetic 
relation may not underlie the classification of minerals \ 
The inorganic world has not always been what we see 
it It has certainly had its metamorphoses, and, very 
probably, a long " Eutwickclungsgeschichte " out of a 
nebular blastema. Who knows how far that amount 
of likeness among sets of minerals, in virtue of which 
they are now grouped into families and orders, may 
not be the expression of the common conditions to 
which that pai ticnlar patch of nebulous fog, which may 
have been constituted by their atoms, and of wliich 
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ther may be, in the strictest sense, the descendants, was 
eabjectt-d ! 

It will be obviooa from what has preceded, that we 
do not agree with Professor Kolliker in thinking the 
objections which he brings forward so weighty as to be 
£ital to Darwin's view. But even if the case were other- 
wise, we should be unable to accept the " Theory of 
HeteK^neous Generation" which is offered a,s a aub- 
stitata That theory is thus stated : — 

"The fondamenlal conception of this hjrpotliesis is, tltat, unHci llm 
influeuM of a genenit bw of Jevelopmenl, the germ* of oi'^-anianifl 
produce otben different from tbemselTes. Thia migHt happen (1) by 
the fecond&tetl ova pasdng, ia the comse of their derelopment, under 
porciuular circumstances, into higher forms ; (2) by the primitive and 
Uter organisms producing other orgumms without fecuudstion, out of 
germs or eggs (Parthenogenesis)." 

In favour of this hypothesis. Professor Kolliker ad- 
duces the well-known facts of Agamogenesis, or " alter- 
nate generation ; " the extreme dissimilarity of the 
males and femak-s of many animals ; and of the males, 
females, and neuters of those insects which live in 
colonies: and he defines its relations to the Darwinian 
theory as follows : — 

" It is obvious that my hypothesis is apparently Teiy sirailat to 
Darwin's, iuasmuch as I also consider that the various forms of 
uiimaJs have pn>ceeded directly from one auother. My hrpoUiesis of 
the creation of organisms by heterogeneous generation, honever, is 
distinguished very essentially from Donvin'a by the entire absence of 
the principle of useful variations and their natural selection ; and mj 
fiindumeul^ conception is this, that a great plau of development lies 
at the foundation of the origin of the whole organic trorld, impelling 
the simpler forms to more and more complex developments. How 
this law operates, what iDflnonces determiue the development of the 
eggs and germs, and impel them to assume constantly new forms, I 
naturally amnot pretend to say ; but I can at lenst adduce the great 
uialogy of the alternation of generations. If a Bipinnarxa, a Sracii- 
alana, a Plateut, ia competent to produce the Echinoderm, which ii 
BO widely different from it ; if a bydroid polype can produce the highei 
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Srediisa; if tha TprmifoTm Trematode 'nurae' am devplop TCithin 
itself the verr unlikn Cercaria, it will sot appear inipiissible t1iat the 
pgR, or ciliuteil embryo, of a sponge, fur ouce, under special conditions, 
miglit become a hydroid polyj)^ or the t'lubryo of a Mednsa, an 
Echinoderm." 

It 18 obvious, from tlicso extracts, that Prol"ossor Kol- 
liker's hypotli'esis is based iipou tbe supposed existence 
of a close analogy between" tbe phenomena of Agamo- 
genesis and tbe production of new species from pre- 
existing ones. But is tbe analogy a real one % We 
tbink tbat it is not, and, by tbe hypotbesis, cannot be. 

For what are tbe phaeuonicna of Agamogcnesis, stated 
generally 1 An impregnated egg develops into an 
asexual form, A ; tbis gives rise, asexually, to a second 
form or forms, B, more or less dififercnt from A, B may 
multiply asexually again ; in the simpler cases, however, 
it does not, but, acquiring sexual characters, produces 
impregnated eggs Irom whence A once more arises. 

No case of Agamogcnesis is known in which, lulmn A 

iffers widely from li, it ia itself capable of sexual 

propagation. No case wliatever is known in which the 

progeny of B, by sexual generation, ia other than a 

reproduction of A. 

Bat if this be a true statement of the nature of the 
trocess of Agamogcnesis, how can it enaljle us to eom- 
(rehend the production of new species from already 

' ;tiug ones ? Let us suppose Hyaenas to bave pre- 
ceded Dogs, and to have produced the latter in tbis 
way. Then the Hyiena will represent A, and the Dog, 
]J. The first difficulty that presents itself is tbat the 
Hyaena must be asexual, or the process will be wholly 
without analogy in tbe world of Agamogcnesis. But 
passing over this difficulty, and supposing a male and 
female Dog to be produced at the same time from tlia 
Hy;£iia stock, tbe progeny of tbe pair, if the analogy 
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of the simpler kinds of Agamogcnesis' is to be followed, 
Bliould be a litter, not of puppies, but of yonng Hyenas. 
For the Ajnnaogenetic series is always, as we have seen, 
A : B : A : B, Ac; whereas, for the production of a new 
species, the series must be A : B : B : B, &c. The pro- 
duction of new species, or genera, is the extreme perma- 
nent divergence from the primitive stocli AU known 
Agamogenetic processes, on the other hand, end in a 
complete return to the primitive stock, flow then is 
the production of new species to be rendered intelligible 
by the analogy of Agamogenesis ? 

The other alternative put by Professor Kollikcr — the 
passage of fecundated ova in the course of their develop- 
ment into higher forms — would, if it occurred, be merely 
an extreme case of variation in the Darwinian sense, 
greater in degree than, but perfectly similar in kind to, 
that which occurred when the well-known Ancon Earn 
was developed from an ordinary Ewe's ovum. Indeed 
we have always thought that Mr. Darwin has unneces- 
Barily hampered himself by adhering so strictly to his 
favouiito "Natura non facit saltum." We greatly 
Buspeet that she does make considerable jumps in 
the way of vai-iation now and then, and that these 
saltations give rise to some of the gaps which appear 
to exist iu the series of known forma. L 

Strongly and freely as wq have venturod to disagrc^ 

* If, on ITie pontroiy, we follow the annlofiy of tbe more eomi'lex forms frf 
Agatiio<^nesi8, such as lli;it exhibited hy BOme Trematada and by the Aphides^ 
the Hyasna must produce, osesunlly, a brood of asexual Dogs, from which 
other seriesB Dog3 muEt proceed. At tie end of a certain number of terms 
of the series, the Doj^ would acquire seica and gencmte yonng ; but thesa 
ymiit™ would be, not Do^, but Hyienna, In fact, wa have demoTutraUd, in 
AganiOfjeneticpbteaoinena, that inevitable rec'irrente to the ori^rinal type, which 
b aiserttd to ba tnie of variations in geuerul, by Air. Darwin's opponents ; 
■nd which, if the assertion could be cliuii{;ed into a demonstration, would, in 
Cut, be fatd to his hypQiicsis. 
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witli Professor KoHitcr, we have always done so with 
regret, aod we trust without violating that respect which 
13 due, not only to his scientific eminence and to tlie 
careful etudy which he has devoted to the subject, but 
to the perfect fairness of his argumentation, and the 
generous appreciation of the worth of llr. Darwin's 
labours which"he always displays. It would be satisfac- 
tory to be able to say as much for JI. Flourena. 

But the Perpetual Secretary of the French Academy 
of Sciences deals with Mr. Darwin as the fii'st Napoleon 
would have treated an "ideologue;" and while dis- 
playing a painful weakness of logic and ehaUowness of 
information, assumes a tone of authority, which always 
touches upon the ludicrous, and eomctimcs passes the 
limits of good breeding. 
^_ For example (p. OG) : — 

^^ " M, IlaTwm continue : ' Aucuna (liallnctlnn absolue n'a ft^ et uft] 
peut Stre etal)lie entre lee esp^ces et les vori^t^s.' Je vous ai d^jk di 
qiie TOQs Tous trompioz; one dlfitinction absolue Ecp^ira lea lui^tA 
d'uvec lc3 esjjccea." 

"Je vovs ai dcjd dit; moi, 51. le Secretaire pcrpiituc^i 
rAcadcmie des Sciences : et vous 



r 



•Qain'elea rien. 
Pas mGme Acadijr 



rdphat do you mean by asserting the contrary?" Being! 
devoid of the blessings of an Academy in England, we 
are unaccustomed to see our ablest men treated in this 
fashion even by a "Perpetual Seeretaiy." 

Or again, considering that if there is any one quality 
of Mr. Darwin's work to which friends and foes have 
alilie borne witness, it is his candour and fairness in 
admitting aiid discussing objections, what is to baJ 
thought of M. Flourens' assertion, that 
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"Sf. Darnin ne cite que les auteura qui poitageut sea opinii 
,P. 40.) 

Once more {p. 65) : 

" Eiifin I'ouvrase de M. Darwin « para. On ne pcut qu'etre &appj 
da tiileut de I'auteiir. Mam qaa d'idiies obscurea, que d'idcea iausaes ! 
^ucl jai^n mi^-ta physique jet<^ mal a propoa dans Thistoire n&turelle, 
qui tombo dans le [/;aliuiatiaa di:s qu'elle sort dea id^ea claires, dea 
'dfes juates ! Quel langige pr^tentieux et vide I Qnellea peraoui- 
ficslions puerilua eC surauu^esl O lucidil^ I O solidity de I'eeprlt 
fraiijaia, que devene^-vous 1 " 

"Obscure ideas," " metaphysical jargon," " pretentious 
and empty language," " puerile and superannuated per- 
3onifieatioiis." Jlr. Darwin has many and hot opponents 
on this side of the Channel and in Germany, but we do 
not recolJeet to have found precisely these sins in the 
long catalogue of those hitherto laid to his charge. It is 
worth while, therefore, to examine into these discoveries 
effected solely by the aid of the "lucidity and solidity" 
of the mind of M. riourens. 

According to M. Flourcns, Mr. Darwin's great error is 
that he has personified Nature (p. 10), and further that 
he has 

" imagined a natural aelection : he imagines afkrwarfla that tlii") 
power of Belectiiig (pouvoif d'Uire) whlcli Le gives to Nature ia sirailar 
to the power of man. These two suppoaitioas admitted, nothing 
atopa him ; he playa witli Nature as he iikee, and makes her do all 
he pleases." {P. C.) 

And this is the way M. Flourens extinguishes natural 
selection : 

" Voyona done encore ime foia, ce qu'il peut y avoir de fond4 dans 
oe qu'on nomme Sleriion vatwelle. 

"Z'iUetitm naturelU n'eat soua un autre nom que la nature. Pout 
L on Stre organist^, la nature n'eat que rorganigation, ni plus ni moios. 
I " H fiiudra done ausai persimnifier Vorganisalimi, et dire qiie 
ytttrganuation choiait Sorgamsation. L'eledion naiurelle est cette 
■ jfr*wie mbttaniitlU dont on jonait autrefoia aveo tant de facilite. 
\ Adulotu disuit que < 8i I'ait da L4tii gtait dans le boia, cet art agiiail 
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eomme la nature.' A la place de Tart de bdllr H. Darwin met 
VelKlvm nalurelU, et c'eat tout un ; I'na n'est pas plus chimtJiique 
que I'autre." (P. 31.) 

And this is really all that M. Flourens can make of 
■Katural Selection. We have given the original, in fear 
lest a translation should be regarded as a travesty ; but 
with the original before the reader, we may try to 
analyse the passage. " For an organized being. Nature 
is only organization, neither more nor less." 

Organized beings then have absolutely no relation to 
inorganic nature ; a plant does not depend on soil or 
sunshine, climate, depth in the ocean, height above it ; 
the quantity of saline matters in water have no influence 
upon animal life ; the substitution of carbonic acid for 
oxygen in our atmosphere would hurt nobody! That 
these are absurdities no one should know better than 
M. Mourens ; but they are logical deductions from the 
assertion just quoted, and from the further statement 
r-that natural selection means only that "organization 
^chooses and selects organization." 

For if it be once admitted (what no sane man denies) 
that the chances of life of any given organism are 
increased by certain conditions (A) and diminished by 
their opposites (B), then it is mathematically certain that 
.any change of conditions in the dii'ection of (A) will 
^ercise a selective influence in favour of that organism, 
tending to its increase and multiplication, whHe any 
change in tlie direction of (D) will exercise a selective 
inflnenee against that organism, tending to its decrease 
and extinction. 

Or, on the other hand, conditions remainLng the same, 
let a given organism vary (and no one doubts that they 
do vary) in two directions : into one form (a) better fitted 
to cope with these conditions than the original stock, 
and a Bocoud (b) less well adapted to them. Then it is 
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DO less certain tbaf the conditions in question must 
exercise a, selective influence in favour of (a) and «gainst 
(6), so that (a) will tend to predominance, and (6) to 
extirpation. ^J 

That M. Flourens should be unable to perceive the^^f 
lo^cal necessity of these simple arguments, which lie at » 
the foundation of all Jlr. Darwin's reasoning ; that he 
should confound an irrefragable deduction from the 
observed relations of organisms to the conditions which 
lie around them, with a metaphysical " forme substan- 
tielle," or a chimerical personification of the powers 
of Nature, would be incredible, were it not that other 
passages of bis work leave no room for doubt upon 
the subjert 

" On imagine une elusion. naUireUe qne, pour plus da management, 
on me dLt Qtre incomcient^, Bans s'apeTcevoir que le contre-eena litL^rai 
est prccis6meilt lil: Ueetion incojiscieiile." (P. 52.) 

"J'ai d^jfl dit ce qti'il faut penaer de Cilectinn noturelle. On 
Velection natureUe n'est rien, ou c'tjst ]a nature : maia la nature dou^o 
Selection, maia la nature personniHce : deriiiore erreur du dernier 
eibcle: Le six* ue fait plus de personuifications." (F. 53.) 

M. Flourens cannot imagine an unconscious selection 
— it is for hira a contradiction in terms. Did fil. 
Flourens ever visit one of the prettiest water; ujr-placea 
of "la belle France," the Baie d'Arcachon ? If so, he 
will probably have passed through the district of the 
Landes, and will have had an opportunity of observing 
the formation of " dunes " on a grand scale. AVhat are 
these "dunes?" The winds and waves of the Bay of 
Biscay have not much consciousness, and yet they have 
with great care "selected," from among an infinity ot 
masses of silcx of all shapes and sizes, which have been 
Bubmitted to their action, all the grains of sand below a 
certain size, and have heaped them by themselves over 
a great area. TJiis sand has been " unconsciously 
Helected " from amidst the gravel in which it first lay 
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with as much precision as if man had ^ consciously 
seiectcd " it by the aid of a sieve. Physical Geology is 
full of such selections— of tlie picking out of the soft 
from the hjii'd, of the soluble from the insoluble, of the 
fusible from the infusible, by natural agoneies to which 
we are certainly not in the habit of ascribing coa- ^_ 
Bciousness. i^^k 

But that which wind and sea are to a sandy beadt^^l 
the sum of influences, which we term the " conditionB^H 
of existence," is to living orgnnisms. The weak are 
sifted out from the sti-ong. A frosty night " selects " 
the hardy plants in a plantation from among the tender 
ones as effectually as if it were tlie wind, and they, the 
sand and pebbles, of our illustration ; or, on the other 
hand, as if the intelligence of a gardener had been 
opemtlve in cutting the weaker organisms down. The 
thistle, which has spread over the Pampas, to the 
destruction of native plants, has been more effectually 
" selected" by the unconscious operation of natural con- 
ditions than if a thousand agriculturists had spent their 
time in sowing' it. 

It is one of Mr. Darwin's many great services to 
Biological science that he has demonstrated the sig- 
nificance of these facts. He has shown that — given 
variation and given change of conditions — the inevitable 
result is the exercise of such an influence upon organisms 
that one is helped and another is impeded ; one tends 
to predominate, another to disappear ; and thus the 
living world bears within itself, and is surrounded by, 
impulses towards incessant change. 

But the trdths just stated are as certain as any other 
I hysical laws, quite independently of the truth, or false- 
hood, of the hypothesis which Mr. Darwin has based 
upon them ; and that M. Flourens, missing the substance 
and grasping at a shadow should be blind to the admi- 
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! exposition of them, which llr. Darwin has given, 
jBUfl sec nothing there but a " derni5re erreur du deraipr 

e " — a personification of Nature— leada ns indeed 
I cry with him : " lucidity t O Bolidite de I'esprit 
I'Fran^ais, que devenez-votis ?" 

M. Flourena has, in fact, utterly failed to comprehend 
the first principles of the doctrine which he assails so 
rudely. His objections to details are of the old sort, so 
battered and hackneyed on this side of the Channel, that 
not even a Quarterly Eeviewer could be induced to 
pick them up fur the purpose of pelting Mr. Darwin 
over again. We have Cuvier and the mummies ; M. 
Roulin and the domesticated animals of America ; the 
difficulties presented by hybridism and by Palieontology ; 
Darwinism a rifacciamento of De Maillet and Lamarck; 
Darwinism a system without a commencement, and its 
author bound to believe in M. Pouchet, &c. &c. How 
one knows it all by heart, and with what relief one n 
at p. 6 5 — 

" Je laisso M. D.irwin I " 

Bnt we cannot leave ]\L Flourens without calling 
readers' attention to his wonderful tenth chapter, " De 
la Prdexistence dcs Germcs ct de I'Epigi^nfese," which 
opens thus : — 

" Spontaneous generation is only a chiniicra. This point esta- 
blished, two hypotheses remain : that of pre-exUtence and that of 
epigenesis. The one of these hypotheses has as little fuundatton aa 
tho other." (P. 163.) 

" The doctrine of epiffenetU ia derived from Harvey : following by 
ocBlar inspection the development of the new beinff in the Windsor 
doeo, he saw each part appear euccpssively, and taking the moment 
of appi^ranct liii the moment of Ajfjnalion he iniaginiid rpijenesU." 
(P. 165.) 

On the contrary, says IL Flourens (p. 167), 
"The new being is formed at a stroke (lovt d'un coup), as s 
instantaneonsly ; it is not formed part by part, and at different til 
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It is fornK^d at once ; it is formed at the single imlividual moraenl 
it wlitch the cuDJimction of the male and feamle elements takei^ 
place." 

It will be observed tbat M. Flourona usea language 
which cannot be mistaken. For him, the labours of Von 
Baer, of EiLthke, of Coste, and their contemporaries and 
successors in Germany, France, and England, are non-j 
existent , and, as Darwin "imagina" natural seleetioD, 
Harvoy "imagina" that doctrine which gives him an evei 
greater claim to the veneration of posterity than hi 
better known discovery of the circulatiou of the blood. 

Language such as that we Lave quoted is, in fact, so 
preposterous, so utterly incompatible with anything but 
absolute ignorance of some of the best established facta, 
tiiat we should have passed it over in silence had it not 
appeared to afford some clue to JI. Flourens' unhesitating, 
d priori, repudiation of all forms of the doctrine of the 
progressive modification of living beings. He whose 
mind remains uninfluenced by an acquaintance with the 
phifinomena of development, must indeed lack one of the 
chief motives towards the endeavour to trace a genetic 
relation between the different existing forms of life. 
Those who are ignorant of Geology, find no difficulty in 
believing that the world wag made as it is ; and the 
shepherd, untutored in history, sees no reason to regard 
the green mounds which indicate the site of a Roman 
camp, as aught but part and parcel of the primaeval 
hill-side. So ]VI. Flourens, who believes that embryos 
are formed " tout d'un coup," naturaUy finds no difficulty 
in conceiving that species came into eisiatence .in the 
bame v,ay. 
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pDN T)ESCAr.TES' " DISCOURSE TOUCHINa THE 
JIETHOD OF USING ONE'S REASON RIGHT! Y 
AND OP SEEKING SCIENTIFIC TRUTH." 



It hag Ticcn well said that "all tho thougbta of men^ 
from the hQ^pnning of the world until now, are lioked 
together iato one great chain;" but the conception of 
the intellectual filiation of mankind which is expressed 
in these words may, perhaps, be more fitly shadowed 
forth by a difi'erent metaphor. The thoughts of men 
seem rather to be comparable to the leaves, flowers, and 
fruit upon the innumerable branches of a few great stems, 
fed by commingled and hidden roots. These stems bear 
the names of the half-a-dozen men, endowed with intel- 
lects of heroic force and clearness, to whom we are led, 
at whatever point of the world of thought the attempt 
to trace its history commences ; just as certainly as the 
following up the small twigs of a tree to the branchlets 
which bear them, and tracing the branchlets to their 
supporting branches, brings us, sooner or later, to tha 
bole. 

It seems to me that the thinker who, more than any 
other, stands in the relation of such a stem towards tha 
philosophy and the science of the modern world is Ren^ 
Descartes. I mean, that if you lay hold of any charac* 
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Iteristic product of modem loys of tbin'king, cither in 
Ithc region of philosophy, or iu that of science, you find 
I the spirit of that thought, if not its form, to have been 
I present in the mind of the great Frenchman. 

There are some men who are counted great because 
I they represent the actuality of their own age, and mirror 
it as it is. Such an one was Voltaire, of whom it was 
epigrammaticallyaaid/'he expressed everybody's thoughts 
better than anybody." ^ But there are other men who 
attain greatness because they embody the potentiality of 
their own day, and magically reflect the future. Kiey 
express the thoughts which will be everj^body's two 
or three centuries after them. Such an one was 
Descartes. 

Born, in 1596, nearly three hundred years ago, of a 
noble famdy in Touraine, Rene Descartes grew up into a 
sickly and diminutive child, whose keen wit soon gained 
him that title of "the Philosopher," which, in the mouths 
of hia noble kinsmen, was more than lialf a reproach. 
The best schoolmasters of the day, the Jesuits, educated 
him as well as a French boy of the seventeenth century 
could be educated. And they must have done their 
work honestly and well, for, before his schoolboy days 
were over, he had discovered that the most of what be 
had learned, except in mathematics, was devoid of solid 
and real value. 

Therefore," says ho, in tliat " Discourse "* which I have taken for 

ly text, " aa aoon as I was old enough to be set free from the govern- 

lent of my teachers, I entirely forsook the Btudy of letters ; and 

^etermininR to seek no other knowledge than that which I couhl 

iliBcovor within myself, or in the great book of tJio world, I spent the 

lenmindcr of ray youth in travelling ; in seeing courts and armies ; in 

Ihe society of people of different humours and conditions; ingathering 

' I forget who it was said of him : "Ha plus que personne I'eaprit qua tout 

a Eaison et chercher b 
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raried experience ; in testing mjself by the chances of fortune ; and 
in always trying to profit by my rBflectiona on what happened. . . . 
And I always had an intense di'sire to lairn how to distinguish, trntb 

»froin falsehood, in ."inlur to be clear about my autiou^, and to w«y^^_ 
Burefootedly la this life." J^H 

But "learn what 13 true, in order to do what is ligh^^l 
is the sumiuing up of the whole duty of man, for all 
who are unable to satisfy their mental hunger with the 
east wind of authority ; and to those of us modems who 
are in this position, it is one of Descartes' great claims to 
our reverence as a spiritual ancestor, that, at three-and- 
twenty, he saw clearly that this was his doty, and acted 
up to bis conviction. At two-and-thirty, in fact, finding 
all other occupations incompatible with the search after 
the tnowledge which leads to action, and being possessed 

§of a modest competence, he withdrew into Holland ; 
whore he spent nine years in leaniing and thinking, in 
such retirement that only one or tu'O trusted friends 
knew of his whereabouts. 

In 1{J37 the firstfruits of these long meditations were 
given to the world in the iiimous " Discouree touching 
the Method of using Reason rightly and of seeking 
scientific Truth," which, at once an autobiography and a 
philosophy, clothes the deepest thought in language of 

» exquisite harmony, simplicity, and elearaeas. ~ 

The central propositions of the whole "Discourse 
these. There is a path that leads to truth so surely, tl 
any one who will follow it must needs reach the goal^ 
whether his e:. "-acity be great or smalL And there is one 
guiding rule by which a man may always find this path, 
and keep himself from straying when he has found it. 
This golden rule is — give unqualified assent to no pro- 
positions but tliose the truth of which is so clear and 
■ distinct that tbej' cannot be doubted. 

The enunciation of this great first commandment of 
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science consecrated Doubt It removed Doubt from the 
seat of pcDauce among the gi'levoua sio-s to which it had 
long been condemned, and enthroned it in that high place 
among the primary duties, which is assigned to it by the 
scientific conscience of these latter days, Descartes was 
the first among the moderns to obey this commandment 
deliberately ; and, as a matter of n-ligious duty, to strip 
off all bis beliefs and reduce himsell' to a state of intel- 
lectual nakedness, until such time as he could satisfy 
himself which were fit to be worn. He thought a bare 
skin healthier than the most respectable and well-cufe 
clothing of what might, possibly, be mere shoddy. 

When I say that Descartes consecrated doubt, you must 
remember that it was that sort of doubt which Goethe 
has called "the active scepticism, whose whole aim is to 
conquer itself ;"^ and not that other sort which is bom 
of flippancy ai d ignorance, and whose aim is only to 
perpetuate itself, as an excuse for idleness fmd indiffer- 
ence. But it is impossible to define what is meant by 
Bcicntiiic doubt better than in Descsrtea' own words. 
After describuig the gradual progress of hia negative 
criticism, he tolls us : — 

"For all that, I did not imitate the eceptics, who donht only foi 
donbting's snkn, and pretend to be always uaJecidi^d; on the contraiy,, 
my whole intention was to arrive at certainty, and to dig away th« 
drift and the sand until I reached the rock or the clay beneath." 

And further, since no man of common ssnae, when' 
he pulls down his house for the purpose of rebuilding it, 
fails to provide himself with some shelter while the work 
is in progress ; so, before demolishing the spacious, if not 
commodious, mansion of his old beliefs, Dese.irtes thought 
it wise to equip himself with what he calls "une morale 
•par provision" by which be resolved to govern his 

' "Eina thiitige Skepii? ist die, wrlctie imnblassis hcmiiht iat sich Kclhrt 
tn iiberwinden, und durch geregelta Erfahmnjt m einor Ai't von b(!diiigte(<J 
ZnvMliiaugkeil lu gelnogcn.^— Moxiniei' %ud JlJUn<.ti .; 7" AbtbeiluBj^ 
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practical life until such time as he should be better 
instructed. The lawa of thid " provisional self-govern- 
ment " arc embodied in four maxims, of which one binds 
our philosopher to submit himself to the laws and religion 
in which he was brought up ; another, to act, on all those 
oceasions which call for action, promptly and accordinj]; 
to the best of his judgment, and to abide, without 
repining, by the result: a third rule is to seek happiness 
in limiting his desires, rather than in attempting to satisfy 
them ; while the last is to make the search after truth 
the business of his life. 

Thus prepared to go on living while he doubted, 
Descartes proceeded to face his doubts like a man. One 
thing was clear to him, he would not lie to himself — 
would, under no penalties, say, " I am sure " of that of 
wliich Le was not sure ; but would go on digging and 
delving until he came to the solid adamant ; or, at worat^ 
made sure there was no adamant As the record of hi^j 
jirogrcss tells us, he was obliged to confess that life 13 full 
of delusions ; that authority may err ; that testimony 
may be false or mistaken ; that reason lands us in end- 
less fallacies; tliat memory is often as little trustworthy 
as hope ; that the eridence of the very senses may be 
misunderstood ; that dreams are real as long as they last, 
and that what we call reality may be a long and restless 
dream. Nay, it is conceivable that some powerful and 

> malicious being may find his pleasui'e in deluding us, and 
in making us believe the thing which is not, every moment 
of our lives. What, then, is certain 1 What even, if 
such a being exists, is beyond the reach of his po^i-ers of 
delusion? Why, the fact that the thought, the present 
consciousness, exists. Our thoughts may be delusive, 
but they cannot be fictitious. As thoughts, they are 
real and existent, and the cleverest deceiver cannot 
make thc^n otherwise. 






IIT.] ON DESCARTES' ^ DJUCOUESE." 325 

Thus, tlionglit ia existence. More than that, so far a« 
; are concerned, existence is thought, all our concep- 
tons of existence being some kind or other of thought. 
Do not for a moment suppose that these are mere 
paradoxei? or subtleties. A little reflection upon the 
eonimoiicst fa-?ts proves thom to be irrefragnble truths. 
For example, 1 take up a marble, and I find it to be 
!i red, round, bard, fcingle bodj-. We call the redness, 
the roundness, the hai-dness, and the singleness, "quali- 
ties" of the marble ; and it somids, at first, the height of 
absurdity to say that aU these qualities arc modes of our 
own consciousness, which cannot even be conceived to 
exist in the marble. But consider the redness, to begin 
with. How does the sensation of redness arise? Ihe 
waves of a certain very attenuated matter, the particles 
of which are vibrating with vast rapidity, but with very 
different velocities, strike upon the marble, and those 
which vibrate with one particular velocity are thrown off 
from its surface in all directions. The optical apparatus 
of the eye gathers some of these together, and gives them 
such a course that tbey impinge upon the surface of the 
retina, which is a singularly delicate apparatus, connected 
with the termination of the fibres of the optic nerve. 
The impulses of the attenuated matter, or ether, affect , 
this apparatus and the fibres of the optic nerve in a ■ 
certain way ; and the change in the fibres of the optic 1 
nerve produces yet other changes in the brain ; and ' 
these, in some fashion unknown to us, give rise to the 
feeling, or consciousness, of redness. If the marble 
could remain unchanged, and cither the rate of vibration 
of the ether, or the nature of the retina, could be altered, 
llie marble would seem not red, but some other colour. 
There are many people who are what are called colour- 
blind, being unable to distinguish one colnur from 
another. Such an one might declare our marble to Ijc 
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^H green ; and he would be quite as right in saj-ing that it 

^H 18 green, as we are in declaring it to be red. But then, 

^* as the marble cannot, in itself, be both gieen and red, at 

the same time, this shows that the quulity "redness" 

must be in our consciousness and not in the marble. 

In like manuer, it is easy to see that the roundness and 
the hardness are forms of our consciousness, belonging 
to the groups which we call sensations of sight and 
touch. If the surface of the cornea were cylindi-ieal, we 
should have a very difiFerent notion of a round body 
from that wliich we possess now ; and if the strength of 

»the fabric, and the force of the muscles, of the body were 
increased a hundredfold, our marble would seem to be as 
soft as a pellet of bread crumbs. 
Not only is it obvious that all these qualities are in ua, 
but, if you will make the attempt, you will find it quite 
impossible to conceive of " blueness," "roundness," and 
"hardness" as existing without reference to some such 
consciousness as our own. It may seem strange to say 
that even the " singleness " of the marble is relative to us ; 
but extremely simple experiments wUl show that such is 
veritably the case, and that our two most trustworthy 
senses may be made to contradict one another on this 
very point. Hold the marble between the finger and 
thumb, and look at it in the ordinary way. Sight and 
touiih iigree that it is single. Now squint, and sight 
tells you that there are two marbles, while toucb asserts 
that there is only one. Nezt, return the eyes to their 
natural position, and, having crossed the forefinger and 
the middle finger, put the marble between their tips. 
^L Then touch will declare that there are two maibles, whilo 
^B eight says that there is cnly one ; and touch claims our 
■ belief, when we attend to it, just as imperatively as 
sight does. 

Eat it may be said, the marble takes up a certain 
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space ^bich could not be occupied, at the same time, ty 
aiiytbjug else, lu otlier words, the marble has the 
primarj- quality of matter, extension. Surely this quabty 
must be in the tbing, and not in our minds t But the 
reply must still be ; whatever may, or may not, exist in the 
tiling, all that we can know of these qualities is a state of 
consciousness. What we call extension is a conaciousness 
of a relation between two, or more, atfections of the 
Bcnse of sight, or of touch. And it is wholly incon- 
ceivable that what we call extension should exist inde- 
pendently of such consciousness as our own. Whether, 
notwithstanding this inconceivability, it docs so exist, or 
not, is a point on which I offer no opinion. 

Thus, whatever our marble may be in itself, all that 
we can know of it is under the shape of a bundle of our ^ 
own consciousnesses. ^| 

Nor is our knowledge of anything we know or fed\^| 
more, or less, than a knowledge of states of consciousness. ^^ 
And our whole life is made up of such states. Some of 
these states we refer to a cause we call " self ; " others to 
a cause or causes which may be comprehended under 
the title of "not-self." But neither of the existence of 
'self," nor of that of "not-self," have we, or can we by 
any possibility have, any such unquestionable and im- 
mediate certainty as we have of the states of conscious- 
ness which we consider to be their effects. They are not 
immediately observed facts, but results of the application 
of the law of causation to those facts. Strictly epeaking, 
the existence of a " self " and of a"notr8elf" are hypo- 
theses by which we account for the facts of (.onyciousness. 
They stand upon the same footing as the belief in the 
general trustworthiness of memory, and in the general 
constancy of the order of nature — as hypothetical 
assumptions which cannot be proved, or known with 
ihat highest degree of certainty which is given by ini- 
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moflintc consciousneaa ; but whicb, cevertheless, are of 
the highest practical value, inasmuch a.3 the conclu- 
sions logically drawn from tlicm are always verified 
by experience. 

This, in my judgment, is the ultimate issue of Descartes' 
argument ; but it ia proper for mc to point out that we 
havo left Descartes himself some way behind us. He 
stopped at the famous formula, " I think, therefore I am." 
But a little consideration will show this formula to be 
full of snares and verbal entanglements. In the first 
l-itace, the "therefore" has no business there. The "I 
am" is assumed in the " I think," which is simply another 
way of saying "I am thinking." And, in the second 
place, "I think" is not one simple proposition, but three 
distinct assertions rolled into one. The first of these ia, 
" something called I exists ; " the second is, *' something 
nailed thought exists;" aud the third is, " the thought is 
the result of the action of the I." 

Now, it win be obvious to you, that the only one of 
these three propositions which can stand the Cartesian 
teat of certainty is the second. It cannot be doubted, 
for the very doubt is an existent thought But the first 
and third, whether true or not, may be doubted, and 
have been doubted. For the assertor may be asked. 
How do you know that thought is not self-existent; or 
that a given thought is not the effect of its antecedent 
thought, or of some external power ? And a diversity of 
other questions, much more easily put than answered. 
Descartes, determined as he was to strip off all the gar- 
ments which tlie intellect weaves for itself, forgot thia 
gossamer shirt of the "self;" to the great detriment, 
and indeed ruin, of his toilet when he began to clothe 
himself again. 

But it is beside my purpose to dwell upon the minor 
peculiarities of the Cartesian philosophy. All I wish to 
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put clearly before your minds thus far, is that Descartes, 
having commenced by declaring doubt to be a duty, 
found certainty in consciousness alone ; and that the 
necessary outcome of his views is what may properly be 
termed Idealism; namely, the doctrine that, whatever 
the universe may be, all we can know of it is the picture 
presented to us by consciousness. This picture may be 
u true likeness — though how this can be is inconceiv- 
able ; or it may have no more resemblance to its cause 
than one of Bach's fugues has to the person who is 
playing it; or than a piece of poetry has to the mouth 
and lips of a reciter. It is enough for all the practical 
purposes of human existence if we find that our trust in 
the representations of consciousness is verified by results ; 
and that, by their help, we are enabled "to walk sure- ^m 
footedly in this life." ^| 

Tlius the method, or path which leads to truth, indi-i:^B 
cated by Descartes, takes us straight to the Critical 
Idealism of his great successor Kant. It is that Idealism 
which declares the ultimate fact of all knowledge to be a 
consciousness, or, in other words, a mental phiBnomenon ; 
and therefore alSrms the highest of all certainties, and 
indeed the only absolute certainty, to be the existence of 
mind. But it ia also that Idealism which refuses to 
make any assertions, either positive or negative, as to 
what, lies beyond consciousness. It accuses the subtle 
Berkeley of stepjiing beyond the limits of knowledge 
when he deelarecl tliat a substance of matter does not 
exist ; and of illogicality, for not seeing that the ar- 
guments which he supposed demolished the existence 
of matter were equally destructive to the existence 
of soul. And it refuses to listen to the jargon of 
more recent days about the "Absolute," and all the 
other hypostatizod adjectives, the initial letters of 
the names cf which are generally printed in capital 
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H letters; just as you give a Grenadier a bearstin cap, fo 
H make him look more formidable thiiu be is by Dature, 
^1 I repeat, the path indicated and followed by Descartca 
^K ■which we have hitherto been treading, leads through 
^P doubt to that critical Idealism which lies at the heart 
^ of modem metaphysical thought. But the "Discourse" 
shows us another, and apparently very diiTerent, path, 
which leads, quite as definitely, to that correlation of all 

I the phtenomena of the universe with matter and motion, 
which lies at the heart of modem physical thought, and 
which most people call llaterialism. 
The early part of the seventeenth century, when Des- 
cartes reached manhood, is one of the great epochs of the 
intellectual life of mankind. At that time, physical 
science suddenly ftrode into the arena of public and 
familiar thought, and openly challenged, not only Philo- 
sophy and the Church, but that common ignorance 
which passes by the name of Common Sense. The asser- 
tion of the motion of the earth was a defiance to all 
three, and Physical Science threw down her glove by the 
hand of Galileo. 

It is not pleasant to think of the immediate result of 
the combat ; to see the champion of science, old, worn, 

tand on his kneea before the Cardinal Inquisitor, signing 
his name to what he knew to be a lie. And, no doubt, 
the Cardinals rubbed their hands as they thought how 
well they had silenced and discredited their adversary. 
But two hundred years have passed, and however feeble 
or faulty her soldiers, Physical Science sits crowned and 
enthroned as one of the legitimate rulers of the world 
of thought Charity children would be ashamed not to 
know that the earth moves ; while the Schoolmen ara 
forgotten ; and the Cardinals — well, the Cardinals ai-e at 
the CEcumenical Council, still at their old busineaa of 
trying to stop the movement of the world. 
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^H As a slap, which having lain becalmed with every 
^Bctitch of canvas set, bounds away before the" breeze 
^B^ vliich springs up astern, so the mind of Descartes, poised 
in equilibrium of doubt, not only yielded to the full force 
of the impulse towards jihysical science and physical 
waya of thought, given by his great contemporaries, 
Galileo and Harvey, but shot beyond them ; and antici- 
pated, by bold speculation, the conclusions, which could 
only be placed upon a secure foundation by the labours 
of generations of workers, 

Descartes saw that the discoveries of Galileo meant 
that the remotest parts of the universe were governed by 
mechanical laws; while those of Hai'vey mciiut that the 
same laws presided over the operations of that portion of 
the world which is nearest to us, namely, our own boddy 
frame. And crossing the interval between the centre 
and its vast circumference by oue of the great strides of 
genius, Descartes sought to resolve all the pha^nomena of 
the universe into matter and motion, or forces operating 
according to law.^ This grand conception, which is 
sketched in the " Diseours," and more fully developed 
in the "Principes" and in the "Traito de THomme," he 
worked out with exti'aordinary power and knowledge ; 
and with the eflect of arriving, in the last-named essay, 
at that purely mechanical view of vital pha^uomena 
towards ■which modern physiology 13 striving. 

Let us try to understand how Descartes got into this 
path, and why it led him ■where it did. The mechanism 
of the circulation of the blood had evidently taken a 
great hold of his mind, as he describes it several times, 
at much length. After giving a full account, of it in the 

1 '■ Ah milieu de toiitca ees pirenra, il De fant pas nn^connaitre line grande 
idie, qai consiate k avoir tenW pour la prfwiirH foU de nunener toua lea 
pb^umiiies naturols i, n'Stre qirun eimpte ddyelloppeiiicnt d(» loia de k 
m^niqtie," is the weiglitj judgment ot' IJicit, cilcd L/ Ijouilliei IJiuloiri At 
la Phiioeophie Cartcsiaine. t. i. V- 10t>). 
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"Discourse," and erroneously describing; tte motion of 
the blood, not to t!ie contraction of the walls of the 
heart, but to the beat which he supposes to be generated 
there, he adds : — 

"Tliis motion, which I have just csplainetl, is as miicli the necessary 
result of the etructuro of the parts which one c&a seo ia the heart, anil 
of the heat wbith one may feel there with oiie'a fingers, and of the 
natom of the hlood, which may be experimental J y asuortained ; aa is 
th4t of a clock of the force, the eituation, and the figure^ of its weight 
and of its wiieeb." 

Bjt if this apparently vital operation were explicable 
as a simple mechanism, might not other vital operations 
be reducible to the same category ? Descartes replies 
without hesitation in the affirmative. 

"The animal apirita," says he, "resemble a very subtle fluid, or a 
very pure and vivid flame, and are continually generated in the heart, 
and ascend to the brain as to a sort of reservoir. Hence they pass 
into the nerves and are distributed to the muscles, causing conli-jction, 
or relaxation, according to their quautity." 

Thus, according to Descartes, the animal body is an 
automaton, which is competent to perform all the animal 
functions in. exactly the same way as a clock or any other 
piece of mechanism. As be puts the case himself : — 

" In proportion as these spirits [the animal spirits] enter the cavities 
of the brain, they pass thence into the pores ot its substance, and from 
these pores into the nerves ; where, according as they enter, or even 
only tend to enter, more or less, into one than into another, they have 
the power of altering the figure of the muscles into which the nerves 
are inserted, and by this means of canaing all the limbs to move. 
Thus, OS you may have seen in the grottoes and the fountains in royal 
gardens, the force with wliich the water issues from its reservoir ia 
sufficient to move various machines, and even to make them play 
instruments, or pronounce words according to the difi'eront disposition 
of the pipes which lead the water. 

"Ani in truth, the nerves of the machine which T am describing may 
xitry well he compared to the pipes of these waterworks ; its muscles 
and its tendons to the other various engines and springs which seem to 
move them ; its amimal spirits to the water which impels them, of 
which the heart is the fountain ; while the cavities of the brain ore 
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the central office. Moreover, respiration and otlier snch actions as are 
Hittiiral and usual in the body, and which depend on the coarse of tJie 
spirits, are lite the movements of a clock, or of a mill, which may be 
kept up by the ordinary tlow of the water. 

"The external objects which, by their mere presence, act upon tha 
organs of the senses ; and which, by this means, determine the cor- 
poral machine to move in many different ways, according as the parts 
• if the brain are arranged, are like the stiangers who, entering into 
come of the grottoes of these waterworks, unconsciously cause the 
movements which take place in 'iheir presence. For they cannot enter 
without treading upon certain planks so arranged that, for example, if 
they approach a bathing X)iana, they cause her to hide among the 
reeds ; and if they attempt to follow her, they see approaching a 
Keptune, who threatens them with his trident j or if they try some 
other way, they cause some monster who vomits water into their 
faces, to dart out ; or like contrivances, according to the fancy of the 
engineers who have made them. And lastly, when the rational soul is 
loiiged in this machine, it wiU have its principal seat in the brain, and 
will take the place of the engineer, who ought to be in that part of 
the works with which all the pipes are connected, when he wishes to' 
increase, or to slacken, or in some way to alter, their moveraenta," ' 

And again still more strongly :^ 

" All the functions which I have attributed to this machine (the 
liody), as the digestion of food, the pulsation of the heart and of 
the arteries ; the nutrition and the growth of the limbs ; respiration, 
wakefulness, and sleep ; the reception of light, sounds, odours, flavour^ 
heat, and such like qualities, in the organs of the external senses ; the 
i inpression of the ideas of these in the organ of common sense and in 
the imagination; the retention, or the impression, of these ideas on the 
memory; the internal movements of the appetites and the passions; 
and lastly, the external movements of all the limbs, which follow eo 
apily, as well the action of the objects which are presented to the 
senses, as the impressions which meet in the memory, that they 
icuitate as nearly as possible those of a real man ;* I desire, I say, 
that you should consider that these functions in the machine naturally 
proceed from the mere arrangement of its oigans, neither more nor 
leaa than du the movements of a clock, or other automaton, from that 

» "Traitedel'Homnie" (Cousin's Edition), p. 347. 

' Descartes pretends that he doea not apply hia views to the human bdvi 
hut only to an imaginttiy machine which, if it could be constructed, would do 
all that the human oody does ; throwing a sop to Cerberus ouwortliily ; and 
HucidMly, because Cerberus was by no means stupid enough to swallow it. 
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^H of its weifi;hta anfl it3 wlicels ; ao that, ao far as these are conceniiKl, it 
^H is no neceaaary to cftnceive any other vegetative or eonsitive aoul, nor 
^V any other principle of molion, or of life, than the blood and the apirita 
^" a^^italedty the fire which bnrna continually in the heart, and which 
is no wise essentially different from all the fires which exi^t in inani- 
mate bodies." ' 

The spirit of these passages is exactly that of the 
most advanced physiology of the present day ; all that 
ia necessary to make them coincide with our present 
physiology in form, is to represent the details of the 
working of the animal machinery in modern language, 
and by the aid of modern conceptions. 

Most imdoubtcdly, the digestion of food in the human 
body is a purely chemical process ; and the passage of 
the nutritive parts of that food into the blood, a physical 
operation. Beyond all question, the circulation of the 
blood is simply a matter of mechanism, and results from 
the structure and arrangement of the parts of the heart 
and vessels, from the contractility of those organs, and 
from the regulation of that contractility by an automa- 
tically acting nervous apparatus. The progress of phy- 
siology has further shown, that the contractility of the 
muscles and the irritability of the nerves are purely the 
results of the molecular mechanism of those organs ; and 
that the regular movements of the respiratory, ali- 
mentary, and other internal organs are governed and 
guided, as mechanically, by their appropriate nervous 
centres. The even rhythm of the breathing of every one 
of us depends upon the structural integrity of a particular 
region of the medulla oblongata, as much as the ticking 
of a clock depends upon the integrity of the escapement 
You may take away the hands of a dock and break up its 
etrikiug machinery, hut it will still tick ; and a man may 
bo unable to feel, speak, or move, and yet he will breathe. 

Again, in entire accordance with Descartes' aiHrmatiOD, 

' ' T,iuti; (le I'Homnie," p. 427. 
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is certain that the modes of motion which constitute 
e physical basis of light, sonnd, and heat, are trans- 
touted into aflections of netvous matter by the sensory 
organs. These afFeetiona are, so to speak, a kind of 
pliysical ideas, which are retained in the central organs, 
constituting what might be called physical memory, and 
may be combined in a manner which answers to associa- 
tion and imagination, or may give rise to muscular 
contractions, in those "reflex actions" which are the 
lechanical representatives of volitions. 
Consider what happens when a blow is aimed at the 
eye.^ Instantly, and without our knowledge or wiU, and 
even against the will, the eyelids close. What is it that 
happens ? A picture of tlie rapidly advancing fist is 
made upon the retina at the back of the eye. The retina 
changes this picture into an nfiection of a number of the 
fibres of the optic nerve ; the fibres of the optic nerve 
affect certain parts of the brain ; the brain, in consequence, 
aftects those particular fibres of the seventh nerve which 
go to the orbicular muscle of the eyelids ; the change in 
these nerve-fibres causes the muscular fibres to change 
their dimensions, so as to become shorter and broader ; 
and the result is the closing of the slit between the two 
lids, round which these fibres are disposed. Hero is a 
pure mechanism, giving rise to a purposive action, and 
strictly comparable to that by which Descartes supposes 
bis waterwork Diana to be moved. But we may go 
further, and inquire whether our volition, in what we term 
voluntary action, ever plays any other part than that of 
Descartes' engineer, silting in his olfiee, and turning this 
tap or the other, as he wishes to set one or another 
machine in motion, but exercising no direct influence 
spon the movements of the whole. 

Our voluntary acts consist of two parts : firstly, we 

* Compare "Traill des Passiona," Art. XIII. and XVL 
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^^ desire \o perform a certain action ; and, sccoadly, we some* 

^Vhow set a-going a machinery which does what we desire. 

■ But so little do we directly influence that machinery, 

that nine-tenths of us do not even know its existence. 

Suppose fine wills to raise one's arm and whirl it round. 
Nothing is easier. But the majority of us do not know 
lliat noiwes and muscles are concerned in this process ; 
and the best anatomist among us would be amazingly 
perplexed, if he were called upon to direct the succession, 
and the relative strength, of the multitudinous nerve- 
changes, which are the actual causes of this very simple 
» operation. 
So again in speaking. Row many of us know that the 
voice is produced in the larynx, and modified by the 
mouth ? How many among these instructed persons 
understand how the voice is produced and modified? 
And what living man, if he had unlimited control over all 
the nen'es supplying the mouth and larynx of another 
person, could make him pronounce a sentence ? Yet, if 
one has anything to say, what is easier than to say it ? 
AYe desire the utterance of certain words : we touch the 
spring of the word-machine, and they are spoken. Just 
as Descartes' engineer, wlieu he wanted a particular hy- 
draulic machine to play, had only to turn a tap, and what 
he wished was dona It is because the body is a ma- 
chine that education is possible. Education is the forma- 
tion of habits, a superinducing of an artificial organization 
upon the natural organization of the body ; so that acts, 
which at fii'st required a conscious effort, eventually 
became unconscious and mechanical. If the act which 
primarily requires a distinct consciousness and volition 
of its details, always needed the same effort, education 
would be an impossibility. 
1 According to Descartes, then, all the functions which 
rare common to man and animals are performed by the 
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body fis a mere mechanism, and he looks upon conscious- 
ness as the peculiar distinction of the "chose pensante'' 
of the " rational soul," which in man (and in man 
only, in Descartes' opinion) is superadded to the body. 
This rational soul ho conceived to be lodged in the 
pineal gland, as in a sort of central office ; and, here, by 
the intermediation of the animal spirits, it became aware 
of what was going on in the body, or influenced tho 
operations of the body. Modem physiologists do not 

t ascribe so exalted afunction to the little pinen] gland, but, 
in a vague sort of way, they adopt Descartes' principle, 
and suppose that the soul is lodged in the cortical part 
of the brain — at least tliis is commonly regarded aa thai 
scat and instrument of consciousness. | 

Descartes has clearly stated what he conceived to be 
the difference between spirit and matter. Matter is sub- 
stance which has extension, but does not think ; spirit is 
substance which thinks, but has no extension. It is very 
»hard to form a definite notion of what this phraseology 
■ means, when it is taken in connexion with ihe location 
r of the soul in the pineal gland ; and I can only represent 
it to myself as siguif)-ing that the soul ia a mathematical 
point, having place but not extension, within the limits 
of the pineal gland. Not only has it place, but it must 
■«2Crt force ; for, according to the hypothesis, it is eom- 
■|)otGnt, when it wills, to change the course of the animal 
■Bpirits, which consist of matter in motion. Thus the 
loul becomes a centre of force. But, at the same time, 
3 distinction between spirit and matter vanishes ; inas- 
Eliiuch as matter, according to a tenable hypothesis, may 
tbe nothing but a multitude of centres of force. The 
J is worse if we adopt the modern vague notion that 
B eonficiousness is seated in the grey matter of the cci-e- 
► brum, generally ; for, as the grey matter has extension. 
I that wJiich is lodged iu it must also have cxtcneion. 
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And tlius wo are led, ia another way, to 
iu matter. 

In tiTith, Descartes' physiology, like the modem physi- 
ology of" which it auticipates the spiiit, leads straight to 
Materialism, so fjir aa that title is rightly appEcable to the 
iloctrine that we have no kuowlcdge of any thinking sub- 
stance, apart from extended substance ; and that thought 
ia aa much a function of matter as motion is. Thus we 
arrive at the singular result that, of the two paths opened 
up to us in the " Discourse upon Method," the one 
leads, by way of Derkeley and Hume, to Kant and 
Idcahsra ; while the other leads, by way of De La 
.Jlettrie and Priestley, to modem physiology and Mate- 
rialism.^ Our stem divides into two main branches, 
which grow in opposite ways, and bear flowers which 
look as different aa they can well be. But each branch 
ia sound and healthy, and has as much life and vigour 
as the other. 

If a botanist found this state of things in a new plant, 
I imagine that he might be inclined to think that Ills tree 
waa monoscions — that the flowers were of different sexes, 
and that, so far from setting up a barrier between the 
two branches of the tree, the only hope of fertility lay in 
bringing them together. I may be taking too much of a 
naturalist's view of the case, but I must confess that this 
ia exactly my notion of what is to be done with meta- 
and physics. Their differences are comple- 
lentary, not antagonistic ; and thought will never- "'" 
impletely fruitful until the one unites with the ol" 
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it me try to explain wljat I mean. I holil, with the 
aterialist, that the human body, like all living todies, 
a machine, all the operations of which will, sooner or 
.ter, be explained ou physical principles. I believe that 
■e shall, sooner or later, arrive at a mechanical equivalent 
«f consciousness, just as we have arrived at a mechanical 
equivalent of heat. If a pound weight falling through a 
disfcmee of a foot gives rise to a definite amount of heat, 
which may properly be said to be its equivalent ; the same 
pound weight falling thi'ough a foot on a man's hand gives 
rifle to a definite amount of feeling, which might with equal 
propriety be said to be its equivalent in consciousness.^ 
d as we already know that there is a certain parity 
itween the intensity of a pain and the strength of one's 
■flesire to get rid of that pain; and secondly, that there 
is a certain correspondence between the intensity of the 
heat, or mechanical violence, which gives rise to the pain, 
and the pain itself; the possibility of the establishment 
a correlation between mechanical force and volition 
icomes apparent. And the same conclusion is sug- 
_ ■ " by the fact that, within certain limits, tJie inten- 
sity of the mechanical force we exert is proportioned to 
the intensity of our desire to exei-t it. 

Thus I am prepared to go with the Materialists wher- 
ever the ti-ue pursuit of the path of Descartes may lead 
them ; and I am glad, on all occasions, to declare my 
belief that their ftarless development of the materialistic 
ipeet of these matters has had an immense, and a most 
ueficial, influence upon physiology and psychology. 
lay more, when they go farther than I think they are 
ititled to do^when they introduce Cclvinism into 

1^ ^Tor nil the quallfiualioDS which need to be made here, I refer the render 

^ th« thorough dkcubsioD of the Dotoie of the relation between nerve-acUon 
Mli cOBBCiau^iiec) in Air. Eerbert Bpencer'a "PriDciplcs of Fsjchologj," 
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science tind JccTare tLat man is notLing but a macliine, 
I do Dot see any particular barm in their doctrines, so 
long as they admit that which ia a matter of exper!^^^ 
mental fact — namely, that it is a machine capable ^j^M 
adjusting itself within certain limits. ^^| 

I protest that if some great Power would agree n^l 
make me always think what is true and do what ia right, 
on condition of being turned into a sort of clock and 
wound up every morning before I got out of bed, I 
should instantly close with the offer. The only freedom 
I care about is the freedom to do right ; the freedom to 
do wrong I am ready to part with on the cheapest terms 
to any one who will take it of me. But when the Ma- 
terialists stray beyond the borders of tlicir path and 
begin to talk about there being nothing else in the 
univei'se but Matter and Force and Necessary Laws, 
and aU the rest of their "grenadiers," I decline to 
follow them. I go back to the point from which wo 
started, and to the other path of Descartes, I remind 
you that we have ak'eady seen clearly and distinctly, 
and in a manner which admits of no doubt, that all our 
knowledge is a knowledge of states of consciousness. 
" Matter" and " Force " are, so far as we can know, mere 
names for certain forma of consciousness. "Necessary" 
means that of which we cannot conceive the contrary. 
" Law " means a rule which we have always found to hold 
good, and which we expect always wiLl hold good. Thus 
it is an indisputable truth that what we call the material 
world is only known to us under the forms of the ideal 
world ; and, as Descartes tcUs us, our knowledge of the 
Boul is more intimate and certain than our knowledge of 
the body. If I say that impenetrability is a property of 
matter, all that I can really mean is that the conscious- 
ness I call extension, and the consciousness I call resist- 
ance, constantly accompany one another. Why and 
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bow thoy are thus related is a mystery. And if I say 
that thought is a property of matter, all that I can meau 
is that, actually or possibly, the consciousness of exten- 
sion and that of resistance accompany all other sorts of 
consciousness. But, as in the former case, why they a'e 
thus associated is an insoluble mystery. 

From all this it follows that what I may term legiti- 
ite materialism, that is, the extension of the conceptions 
and of the methods of physical science to the highest as 
well as the lowest phenomena of vitality, is neither more 
nor less than a sort of shorthand Idealism ; and Des- 
cartes* two paths meet at the summit of the mountain, 
though they set out on opposite sides of it. 

The reconciliation of physics and metaphysics lies in 
the acknowledgment of faults upon both sides ; in the 
confessinn by physics that all the phtenomcna of nature 
are, in their ultimate analysis, known to us only as foots 
of consciousness ; in the admission by metaphysics, that 
the facts of consciousness are, practically, interpretable 
only by the methods and the formuhs of physics : and, 
finally, in the obsei'vancc by both metaphysical and 
physical thinkers of Descartes' maxim — assent to no 
proposition the matter of which is not so clear and 
distinct that it cr.nnot be doubted. 

When you did me the honour to ask mc to deliver thuKl 
address, I confess I was perplexed what topie to select. 
For you are emphatically and distinctly a Christian 
body ; while science and philosophy, within the range 
of which lie all the topics on which I could venture 
to epcak, are neither Christian, nor Unchristian, but are 
Extrachristian, and have a world of their own, which, to 
use language which will be very familiar to your ears just 
now, is not only "unsectarian," but is altogether "secular." 
The a]'gumenta which I have put before you to-night, foi 
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example, are not inconsistent, so far as I know, with ajiy 

form of tlieology. 

After much consideration, I thought that I might be 
most tiseful to you, if I attempted to give you some vision 
of this Extracbristian world, aa it appears to a person who 
lives a good deal in it ; and if I tried to show you by 
what methods the dwellers therein tiy to distmguisb 
truth from falsehood, in regard to some of the deepest 
and most difficult problems that beset humanity, " in 
order to be clear about their actions, and to walk sore- 
footedly in this life," aa Descartes says. 

It struck me that if the execution of my project came 
anywhere near the conception of it, you would become 
aware that the philosophers and the men of science are 
not exactly what they are sometimes represented to you 
to be ; and that their methods and paths do not lead so 
perpendicularly downwards as you are occasionally told 
they do. And I must admit, also, that a particular and 
personal motive weighed with me, — namely, the desire to 
show that a certain discourse, which brought a great 
storm about my head some time ago, contained notliiug 
but the ultimate development of the views of the father 
of modem philosophy. I do not know if I have been 
quite wise in allowing this last motive to weigh with rae. 
They say that the most dangerous thing one can do in a 
thunderstorm is to shelter oneself under a great tree, and 
the history of Descartes' life shows how narrowly he 
escaped being riven by the lightnings, which were more 
destructive in his time than in ours. 

Descartes Uvcd and died a good Catholic, and prided 
himself upon having demonstrated the existence of God 
and of the soul of man. As a reward for his exertions. 
Ilia old friends the Jesuits put his works upon the 
" Index," and called him an Atheist ; while the Prt>- 
tcstant divines of Holland declared him to be both a 
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l-^esuit and an Atheist. Hi3 boolia narrowly escaped 
f being burned by the hangman ; the fate of Vanmi was 
dangled before his eyes ; and the misfortunes of Galileo 
so alarmed hiin, that he wcU-nigh renounced the pur- 
suits by which the world baa so greatly benefited, and 
was driven into subterfuges and evasions which were not 
worthy of him. 

" Very cowardly," you may say ; and flo it was. 
But you must make allowance for the fact that, in the 
seventeenth century, not only did heresy mean possible 
burning, or imprisonment, but the very suspicion of it 
destroyed a man's peace, and rendered the calm pursuit 
of truth difiicult or impossible. I fancy that Descartes 
was a man to care more about being womed and dis- 
turbed, than about being burned outright ; and, like 
many other men, sacrificed for the sake of peace and 
quietness, what he would have stubbornly maintained 
!igainat downright violence. 

However this may be, let those who are sure they would 
have done better throw stones at him. I have no feelings 
but those of gratitude and reverence for the man who did 
what he did, when he did ; and a sort of shame that any 
one should repine against taMng a fair share of such 
treatment as the world thought good enough for him. 

Finally, it occurs to me tha^ such being my fecfing 
about the matter, it may be useful to all of us if I 
ask you, "What is yours? Do you think that the 
Christianity of the seventeenth century looks nobler and 
more attractive for such treatment of such a man ?" You 
win hardly reply that it does. But if it does not, may it 
not be wcU if all of you do what lies within your power 
to prevent the Christianity of the nineteenth ci-ntury 
fi'Om repeating the scandal '{ 

There are one or two livirig men, who, a couple of 
tenturiea hence, will be remembered aa Descartes is now, 
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Itecause they have produced great thoughts which will 
live and grow as long as mankind lasts. 

If the twenty-first century studies their history, it ■will 
find that the Christianity of the middle of the nineteenth 
century recognised them only as objects of vilification. 
It is for you and such as you, Christian young men, to 
say whether this shall be as true of the Christianity of 
the future as it is of that of the present. I appeal to you 

I to say " No," in your own interest, and in that of the 
Christianity you profess. 
In the interest of Science, no appeal is needful ; as 
„.,^ 

■0, whatever evil voices may rage. Science, secure amoiiw 
the powers that ace eternal, will do her work and bo 
blessed. 



" Quest' 6 colei, cVh tanto poata in eroca 

Pur da color, che le liovrian dar lode 

Itandola 1)183110 a tocto e mala tocb. 

Ma e!la b' h beata, e ci6 non ode : 

Con r altre prime ereaturB lieta 

Volve sua spera, e beata si gode : "' 
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"And tlib is she who's put on cms? bo much, 
Even by them who oaght to give her praise, - 
Giving her wrongly ill repute and blame. 
But she is blessed, and she hears not this ; 
She, with the other primal creatures, glad 
Bevolves her sphere, and blessed joya herself" 

Infenij, vii. 30—95 (W. M. Eosaetti's Tranalal 




It b IS long been the custom for the newly-installei] 
Pl-esident of the British Association for the Advance- 
ment of Science to take advantage of the elevation of 
the position in which the suffrages of hia eolleaguea 
had, for the time, placed him, and, casting his eyes 
around the horizon of the scientific world, to report 
to them what could he seen from his watch-tower ; in 
what directions the multitudinous divisions of the 
noble army of the improvera of natural knowledge 
were marching ; what unportant strongholds of the 
great enemy of us all, ignorance, had been recently 
captured ; and, also, with due impai'tiality, to mark 
where the advanced posts of science had been driven 
in, or a long-continued siege had made no progress. 

I propose to endeavour to follow this ancient pre- 
cedent, in a manner suited to the limitations of my 
knowledge and of my capacity. I shall not prestime 
to attempt a panoramic survey of the world of science, 
nor even to give a sketch of what is doing in the one 
great province of biology, with some portions of which 
my ordinary occupations render me familiar. But I 
shall endeavour to put before you the history of the 
lise and progress of a single biological doctrine ; and 
ul shall try to give some notion of the fruits, both in- 
pellectual and practical, which we owe, directly or iii» J 
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directly, to tlie working out, by seven generations of 
patient and laborious investigators, of the thought 
which arose, more than two centuries ago, in the mind 
of a Bagacioua and observant Italian naturalist, 

It is a matter of every-day experience that it is 
difficult to prevent many articles of food from be- 
coming covered with raoiJd; that fruit, sound enough 
to all appearance, often contains grubs at the core; 
that meat, left to itself in the air, is apt to putrefy 
and swarm with maggots. Even ordinary water, if 
allowed to stand in an open vessel, sooner or later 
becomes turbid and full of living matter. 

The philosophers of antiquity, interrogated as to 
the cause of these phenomena, were provided with a 
ready and a plausible answer. It did not enter their 
minds even to doubt that these low forms of life were 
generated in the matters in which they made their 
appearance. Lucretius, who had drunk deejier of the 
scientific spii'it than any poet of ancient or modern 
times except Goethe, intends to speak as a philoso- 
pher, rather than as a poet, when he writes that " with 
good reason the earth has gotten the name of mother, 
since all things are produced out of the earth. And 
many living creatures, even now, spring out of the 
earth, taking foi-m by the rains and the heat of the 
sun." ' The axiom of ancient science, " that the cor- 
ruption of one thing is the bii'th of another," had ita 
popular embodiment in the notion that a seed dies 
before the young plant springs from it ; a belief so 

It is tlias tlint Mr. Munro renders 

" LinqaitQC, Qt meriUi maternam noraen adepta 



Bat wonld not the meoniug of the Inat line be better rendered " 
1 lOped in rain-water and In the warm vnpo'irs raised iiy the sun " ? 
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wide spread and so fixed, tliat Saiiit Paul appeals to 
it in one of the most splendid outbursts of his fervid 

» eloquence : — 
t " TboQ fool, that wliicli tlioii eowoat is not qaickened, except it dio." ' 
' The proposition that life may, and does, proceed 
from that which has no life, then, was held alike by 
the philosophers, the poets, and the people, of the 
most enlightened nations, eighteen hundi'ed years ago ; 
and it remained the a^^eepted doctrine of learned and 
unlearned Europe, through the middle ages, down 
even to the seventeenth century. 

It is commonly counted among the many meiita of 
our great countryman, Harvey, that he was the first to 
declare the oppositiou of fact to venerable authority 
in this, as in other matters; but I can discover no- 
justification for this wide-spread notion. After card 
fill search through the " Exercitationes de Generatione,' 
the most that appears clear to me is, that Harvey be- 
lieved all animals and plants to spring fi'ora what he 
terms a "primordium veffetaU" a phrase which may 
nowadays be rendered " a vegetative germ ; " and this, 
he saya, is " oviforme,^' or " egg-like ; " not, he is care- 
ful to add, that it necessarily has the shape of an egg, 
but because it has the constitution and nature of one. 
That this "primordium oviforme''^ miist needs, in all 
cases, proceed from a living parent is nowhere ex- 
pressly maintained by Harvey, though such an opin- 
ion may be thought to be implied in one or two 
passages ; while, on the other hand, he does, more 
I than once, use language which is consistent only with 
1 fnll belief in spontaneous or equivocal generation.' 

'' 1 Oorinthiiina xt. 36, 

' Sea the following pnasase in Exercitntio I.: — " Item uponte nateentia 
lODtnr ; non qaoA ez putredine oriaada sint, sed quod cam, natiirfo 
irte, et iequlvocft (ut aiiint) gGnoratiune, a pivrentil'us «ui dissiniilibui 
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In fact, the main concern of Harvey's wonderful little 
treatise is not with generation, in the physiological 
sense, at all, but with development; and his great 
object is the establishment of the doctiiue of epi- 
genesis. 

The first distinct enunciation of the hypothesis that 
all living matter has sprung from preexisting living 
matter, came from a contemporary, though a junior, of 
Harvey, a native of that country, fertile in men great 
in all departments of human activity, which was to 
intellectual Europe, in the sixteenth and seventeenth 
centuries, what Germany is in the nineteenth. It was 
in Italy, and from Italian teachers, that Harvey re- 
ceived the moat important part of his scientific edu- 
cation. And it was a student trained in the same 
schools, Francesco Redi — a man of the widest know 
ledge and moat versatile abilities, distinguished alike aa 
scholar, poet, physician, and naturalist-— who, just two 
hundred and two years ago, published his " Esperienze 
intomo alia Generazione degl' Insetti," and gave to the 
world the idea, the growth of which it is my purpose 
to trace, Iledi's book went through iive editions in 
twenty years ; and the extreme simplicity of his ex- 
periments, and the clearness of his arguments, gained 
for his views, and for their consec[uences, almost 
versal acceptance. 

Eedi did not trouble himself much with spcculai 
considerations, but attacked particular cases of what 
was supposed to be " spontaneous generation " esperi- 

pi OTeninnt." Again, in "Da Uteri Membranis " :— " Tn cunctonini viveil- 
tanm generatione (siont disimTia) lioc eolenne est, ut ortum duouat a. pri- 
mordw aliqiio, qaod turn materiam tnin efBcieudi pnteHtBteni in ae habet' 
gitqne adeo id, ex quo ot a quo quioquid nasoitur, ortum suum ducat 
Tale primordiam ia animalibna (live ab aliii fftnerantHnu projtenii^it, giot 
iponte, aut ex putredine tttacentur) est humor in tnnicA aiiqiift nut pnta- 
mioe coaclnsns." Compare also wliat Redilioa to Bay reBpeeting Harvey's 
' opinions, "Esperienze," ]i. n. 
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mentally. Here are dead animals, or pieces of meat, 
says lie ; I expose them to the air in hot weather, and 
in a few days they swarm with maggota. You tell me 
that these are generated iu the dead flesh ; but if I put 
similar bodies, while quite fresh, into a jar, and 'tie 
Bome fine gauze over tJve top of the jar, not a maggot 
makes its appearance, while the dead substances, never- 
theless, putrefy just in the same way as before. It ia 
obvious, therefore, that the maggots are not generated 
by the corruption of the meat ; and that the cause of 
their fonnation must be a something which is kept 
away by gauze. But gauze will not keep away aeri- 
form bodies, or fluids. This something must, therefore, 
exist in the form of solid particles too big to get 
through the gauze. Nor is one long left; in doubt what 
these solid particles are ; for the blowflies, attracted 
by the odour of the meat, swarm round the vessel, and, 
urged by a powerful but in this case misleading in- 
stinct, lay eggs out of which maggots are immediately 
hatched upon the gauze. The conclusion, therefore, is 
unavoidable ; the maggots are not generated by the 
meat, but the eggs which give rise to them are brought 
through the air by the flies. 

These experiments seem almost childishly simple, 
and one wonders how it was that no one ever thought 
of them before. Simple as they are, however, they are 
worthy of the most careful study, for every piece of 
experimental work since done, in regard to this subject, 
has been shaped upon the model furnished by the 
Italian philosopher. As the results of his experiments 
were the same, however varied the nature of the ma^ 
terials he used, it ia not wonderful that there ai-ose in 
Redi's mind a presumption, that in all such cases of 
the seeming production of life from dead matter, the 
real explanation was the introduction of living germH 
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from witlioot into that dead matter.' And thus the 
hypothesis that living matter alwajrs arises Ijy the 
agency of pre-existiiig f iving matter, toot defioite shape ; 
and had, hencefonTanl, a right to be considei-ed and a 
t\aim to be refuted, in each particular case, before the 
production of living matter in any other way could be 
admitteii by careful reasoners. It will be necessary for 
me to refer to this hypothesis so frequently, that, to 
save circumlocution, I shall call it the hypothesis of 
Biogetusis / and I shall term the contrary doctrine — 
that living matter may be produced by not living mat^ 
• ter — the hj^pothesis of ^.biogenesis. 

Iq the seventeenth century, as I have said, the lafr 
ter was the dominant view, sanctioned alike by an 
tiqoity and by authority; and it is interesting to ob- 
ser\-e that Redi did not escape the customary tax upon 

' "Pore cont^ntandomi gcmpre in questa ed in ciaaciina altro cobo, da 
dnsciino pib savio, \i dove io difettuosamente parla^Gi, esser corretto ; noo 
tftcero, che per niolte osservazioni molti volti da ine fatte, mi sento indi- 
aata a credere che la terra, da quelle prime iiiaote, a da quei primi an iiuali 
in poi, che ella nei primi giomi del mondo prodnase per coraandemento 
del eovrano ed ommpotente Fattore, non abbis mai pih prodotto da le 
medesima ni erba ai albero, nb animale alcnno perletto o imperfetto che 
ei sa f»»ie; e die tutto qnello, che nu' tempi trapassati i natn e che ora 
nascere in lei, o da lei Tegjriamo, Teiiga tntio dalla Bemenza reale e vera 
delle pianle, e degli aniniBli stessi, i quidi col mezzo d«l projirio Beme U 
loro sperie oonservano. E Be bene totto giomo Bcorgliiumo da' cadaveri 
degli animali, e da tntte q,naiite le maniere ddl' erlw, e de' fiori, e dei 
frntti impntriditi, e corrotti nagcere Termi iofiniti — 

t' Konte Tidea qu^mnque mora, Buidoqne c»lore 
CoTuora UbeiCunt in parra Bnimalia rerti ' — 
Id mi sento, dico, inelinato a credere che tutti qnei venui si generino dal 
•eme pat«nio; e che !e carni, e I'erbe, e I'altre cose tiitte piilrefatte, o pn- 
trefattiliili non facciano altra parte, n6 abbiano altro nfizio nella genera- 
■none degl' insetti, se non d'appreat.are un Inogo o un nido proporzionatOj 
in cui dagli animali nel tempo della fipiifltura aieno portati, e partoriti i 
■"emii 1 nova o I'altre aemenze dei vermi, i qnali toBto che iiati sono^ 
trovano in esao nido un saffidente alimento abilisEimo per nntrioarei: e 
L le in qnello non son jiortate dalle inadri qiieste Buddette aemenze, niente 
WptaL e replicatamente niente, vi s'inge^eri e nascn." — ^Rbdi, £>p*rieii2A 
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a discoverer of having to defend himself against the 
iiharge of impugning the authority of the Scriptures;' 
for his adversaries declared that the generation of bees 
from the carcase of a dead lion is affirmed, in the Book 
of Judges, to have been the origin of the famous riddle 
■jvrith which Samson perplexed the Philistines : — 



I" Oat of the cater came forth ment, 
And out of the strong came fovtb sweetness." 

Against all odds, however, Redi, strong with the 
strength of demonstrable fact, did splendid battle 
Biogenesis; but it is remarkable that he held the doc- 
trine in a sense which, if he had lived in these time! 
would have infallibly caused hiin to be classed amoi 
the defenders of " spontaneous generation." " Omne' 
vivum ex vivo," "no life without antecedent life," 
aphoristieally sums up Kedi's doctrine; but he went 
no further. It is most remarkable evidence of the 
philosophic caution and impartiality of his mind, that 
although he had speculatively anticipated the manner 
in which grubs really arc deposited m fruits and in the 
galls of plants, he deliberately admits that the evidence 
IS insufficient to bear him out ; and he therefore pre- 
fers the supposition that they are generated by a modi- 
fication of the living substance of the plants themselves. 
Indeed, he regards these vegetable gi-owtha as organs, 
by means of which the plant gives nse to an animal, 
and looks upon this production of specific animals aa 
the final cause of the galls and of at any rate some 
fruits. And he proposes to explain the occurrence of 
parasites within the animal body in the same way.' 

' "Molti, e molti altri anaora vi potrei annoverare, aa non foBsi chia- 
mato a rispondere atle ranipo;^ie di alcani, the bruscamente mi rammen- 
o 016, che A leggQ nel ca|iitolo qnattordiceaimo del sacroaanto Libro de' 
*' ' ... ." — Redi, I. e., p. 46, 

)as3a^e (Esperienze, p. 129) is worth quoting in fall :— 

oveaai palesarvi il mio eentiraento crederei obe i fmtti, i legnrd 
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It is of great importance to apprehend Eedi's posi- 
tion riglitly ; for the lines of thought he laid down for 
US are those upon which naturalists have been working 
ever since. Clearly, he held Biogenesis as against 
Abiogenesis; and I shall immediately proceed, in the 
first place, to inquire how far subsequent investigation 
bag borne him out in so doing. 

But Redi also thought that there were two modes 

f;li alberi e le foglie, in dae manicre invenninassero. Una, percli^ Tenendo 
1 tiBcthi p«r dj faora. e cercondo I'alinieiito, col rodere ci aproso la stradd, 
ed iUTivano alia piti inCema midolla de' frntti e de' le^i. L'altra mani- 

cra si k, cbe io per me atimerei, che non fosse gran fatto disdicevole il ore- 
Avre, che qaell' anima o qnoUa virth, la qnale genera i Gori ed i fhittinelle 
iiiante viventi, iia qaella etesaa clie ereneri ancora i bach! di ea^ piante. 
E ehi si forse, che moiti frutti degll aiberi non aieno prodotli, non per nn 
tine primnrio e principals, ma bend per un ufSxio secondario e servile, de- 
etlnato alia g;enerazione di qoo' vermi, servcndo a loro in vece di matrice, 
In cni dimorino UD prefiaso e determinato tempo; ilqnale arrivato eacao 
Aiora a f;odere il sole, 

"Io m' immapno, che (jiieato mio pensiero non ri parrd totalmente no 
poradneso ; mentre farete riflesaione a quelle tante sorte di galle, di galloz- 
cole, dl coccole, di ricci, di calici, di oometti e di lappole. cbe son prodntte 
dalle qnerce, dalle farnie, da' cerri, da' Buglieri, da' leoci e da altri aimili 
aiberi da gbianda; imperciocclid in. quelle gallozzole, e particolannente 
nelle piii groeae, che si cbiamano ooronati, ne' ricoi capelluti, che ciuffoli 
da' nostri contadini son detti ; nel ricci legnosi del o«rro, ne' ricci stellati 
della qoercia, nelle galluzze dejla ft^lia del teocio ii Teda evidentiseinui- 
mcnte, die la prima e prinoipale intenzione della natnra h formare dentro 
di quelle nn animale volunte; Tcdendosi nel centro della gallozzola nn 
novo, cte col crescere e col maturarsi di easa gallozzola va crescendo e ma- 
tnraudo snoh' egli, e cresce altresl a sno tempo qnel verme, obenell' uoto 
■1 rocchiode; il qnal vertne, quando la gallozzola h flnita di matorare e che 
h Tennto i! terniine dnstinato al sno nascimento, diventa, di verme che era, 
ona inoHoa. . . . . Io vi confoeso ingenaamcnto, che prima d'aver fatte 

XMta mie experienze intorno alia generazione degl' insetti mi dava a cre- 
re, o i)er dir moglio BOBpettavn, die forse [a gallozzola nascesse, perohft 
] arrlvanao la mosoa nel tempo della primavera, e faoendo una plccolissima 
A ftaHurit ne' rami piti teneri della querela, in qnella fessiira naacondesse uno 

de snoi semi, II quale foase oagione che abocoioaae fuora la gallozzola ; e che 
' msi Don u vedessero gatle o gallozzole o ricoi o oomeiti □ calici o coc- 

•ole, ae non in qne' ranii, ne' qnali le mosche aveaaero deposttate le loro 

Hmunze; e mi dava ad intemlero, che le gallozzole fosaero una molattia 
I. oagionnti nelle querce ditlle puntnre delle mosche, in quells giusa atea '" 
'- she dalle punture d'altri aniJiialetti simiglievoli vegfi^amo oresoere (!«' | 

mori no' corpi de^iU animaii." 
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of Biogenesis. By tie one method, wLich is that of 
common and ordinaiy occurrence, the living parent 
gives rise to offspring which passes through the same 
CT-cle of changes as itself — like gives rise to lilie ; and 
this has heen termed Ilomorjenesis. By the other moilo 
the living parent was supposed to give nBe to offspring 
which passed throngh a totally difl'erent series of states 
from those exhibited bythe parent, and did not retuin 
into the cycle of the parent ; this is what ought to be 
caW&d^ Heterogenesis^ the offspring being altogether and 
permanently unlite the pai-ent. The term Ileteroge- 
nesis, however, has unfortunately been used in a differ- 
ent sense, and M. Milne-Edwards has therefore sub- 
Btituted for it Xenogenesis, which means the generation 
of something foreign. After discussing liedi's hypothesis 
of universal Biogenesis, then, I shall go on to ask how 
far the growth of science justifies his other hypothesis 
of Xenogenesis. 

The progress of the hypothesis of Biogenesis was 
triumphant and unchecked for nearly a century. The 
application of the microscope to anatomy in the hands 
of Grew, Leeuwenhoek, Swammerdam, Lyonet, Vallis- 
nieri, Reaumur, and other illustrious investigators of 
nature of that day, displayed such a complexity of 
organisation in the lowest and minutest forms, and 
everywhere revealed such a prodigality of provision 
for their multiplication by germs of one sort or another, 
that the hypothesis of Abiogenesis began to appear 
not only untrae, but absurd ; and, in the middle of 
the eighteenth century, when Needham and Bnffon 
I'took up the question, it was almost imiversally dia- 
edited.' 



one rSritS certaiuo, qne tonte plonte vient de b& E^mence spft^ifiqne, toot 
Animal ct'nn cenf ou dc qnetque choae d'analogne prSexiatant dau^ la planter 
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But the skill of tlie microscope-makers of tie eigli- 
teentk century aoon reached ita limit. A microscope 
maffnifyiDg 400 diametera was a clief cfauvre of the 
opticians of that day ; and, at the same time, by no 
means trustwortliy. But a magnifying power of 400 
diameters, even when definition reaches the esf|msite 
perfection of onr modem achromatic lenses, hardly 
Buffices for the mere discernment of the smallest forms 
of life. A speck, only ^j-th of an inch in diameter, has, 
at 10 inches from the eye, the same apparent size as an 
object 1 o i ioo th of an inch in diameter, when magniiied 
400 times ; but fonns of living matter abound, the 
diameter of which is not more than - ^^p - j th of an inch. 
A filtered infusion of hay, allowed to atand for two 
days, will swarm with living things, among which, any 
which reaches the diameter of a human red blood-cor- 
puscle, or about -j-gVir^^ ^^ *™ inch, is a giant. It ia 
only by bearing these facts in mind, that we can deal 
fairly with the remarkable statements and speculations 
put forward by Buffon and Needham ia the middle of 
the eighteenth century. 

When a portion of any animal or vegetable body 
ia infused in water, it gradually softens and disinte- 
grates ; and, as it does so, the water is found to swarm 
with minute active creatures, the so-called Infusorial 
Animalcules, none of which can be seen, escept by the 
aid of the microscope ; while a large proportion belong 
to the category of smallest things of which I have 
spoken, and which must have all looked like mere 
dots and lines under the ordinary microscopes of the 
eighteenth century. 

Ou dins raniinii] de m6rae esiifico qui I'a produ'.t." — A'ouvtUes Ot/sereati 
p. 169. 

" Lea until rail St es ont g^niralement cm que Its animaus micro^iopiqiiM 
£t^eiit engendr^E par dea CDufs traasportfa dans I'air, ou d6poB^ dona der 
eaai dormftntea par dea inseotes Tolans," — Ihid., p. 17G. 
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Led by various tlieoretical considerations wliicli I 
cannot now discnsa, but which looked promising enough 
in the lights of that day, Buffon and Needham doubted 
the apphcability of Redi's hypothesis to the infusorial 
animalcules, and Needham very properly endeavoured 
to put the question to an experimental test. He said 
to nimself, if these infusorial animalcules come from 
germs, their germs must exist either in the substance 
infased, or in the water with which the infusion is 
made, or in the supeijacent ssr.' Now, the vitality of 
all germs is destroyed by heat. Therefore, if I boU 
the mfusion, cork it up carefully, cementing the cork 
over with maatic, and then heat the whole vessel by 
heaping hot ashes over it, I must needs kill whatever 

ferms are present. Consequently, if Redi's hypothesis 
old good, when the infusion is taken away and allowed 
to cool, no animalcules ought to be developed in it; 
whereas, if the animalcules are not dependent on pre- 
existing germs, but are generated from the infused 
substance, they ought, by-and-by, to make their appear- 
ance. Needham found that, under the circumstances 
in which he made his experiments, animalcules always 
did arise in the infusions, when a sufficient time had 
elapsed to allow for their development. 

In much of his work Needham was associated with 
Buffon, and the results of their experiments fitted iu 
admirably with the great French naturalist's hypothesis 
of " organic molecules," according to which, lite is the 
indefeasible property of certain indestructible mole- 
cules of matter, which exist in all living things, and 
have inherent activities by which they are distinguished 
from not living matter. Each individual living oi^an- 
ism ia formed by their temporary combination. They 
stand to it in the relation of the particles of water to 
-a, cascade, or a whirlpool ; or to a mould, into which 
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tlie water is pom-ed. The form of the organism is thna 
deteiTiiined hj the reaction l^etween external condi- 
tions and the inherent activities of the organic mole^ 
cules of which it is composed ; and, as the stoppage of 
a whirlpool destroys nothing but a form, and leavea 
■the molecules of the water, with all their inherent 
activities intact, so what we call the death and putre- 
faction of an animal, or of a plant, is merely the break- 
ing up of the form, or manner of association, of its 
constituent organic mol«culea, which are then set free 
as infusorial animalcules. 

It will be perceived that this doctrine is by no means 
identical with Ahiogenems, with which it is often con- 
foujided. On this hypothesis, a piece of beef, or a 
handful of hay, is dead only in a limited sense. The 
beef is dead ox, and the hay is dead grass ; but the 
"organic molecules" of the beef or the hay ai'e not 
dead, but are ready to manifest their vitality as soon 
as the bovine or herbaceous shrouds in which they are 
imprisoned are rent by the macerating action of water. 
The hypothesis therefore must be classified under Xen- 
ogenesis, rather than under Abiogenesis. Such as it 
was, I think it will appear, to those who will be just 
enough to remember that it was propoimded before 
the birth of modem chemistry, and of the modem 
optical arts, to be a most ingenious and su^estive 
epeculation. 

But the great tragedy of Science — the slaying of a 
beautiful hypothesis by an ugly fact — which is so eon- 
etantly being enacted under the eyes of philosophers, 
was played, almost immediately, for the benefit 
Buffon and Needham. 

Once more, an Italian, the Abb6 Spallanzani, 
worthy successor and representative of Kedi in hii 
acutenees, his ingenuity, and hia learning, subjected 
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the experiments and tlie conclusions of Needham to n 
searching criticism. It might be true that Needham'a 
experiments yielded results such as he had described, but 
did they bear out his arguments ? Was it not possible, 
in the first place, that he had not completely excluded 
the air by his corks and mastic ? And was it not pos- 
Mble, in the second place, that he had not sufficiently 
heated his infusions and the superjacent airl Spal- 
lanzani joined issue with the English naturalist on 
both these pleas, and he showed that if, in the fii-st 
place, the glass vessels in which the infusions were 
contained were hermetically sealed liy fusing their 
necks, and il', in the second place, they were exposed 
to the temperature of boiling water for three-quarters 

^of an hour,' no animalcules ever made their appearance 
within them. It must be admitted that the experi- 
ments and arguments of Spallanzani ftiruish a complete 
and a crushing reply to those of Needham, But we 
all too often forget that it is one thing to refute a prop- 
osition, and another to prove the truth of a doctrine 
which, implicitly or explicitly, contradicts tliat prop- 
osition, and the advance of science soon showed that, 
though Needham might be quite wrong, it did not 
follow that Spallanzani was quite right. 

Modem chemistry, the birth of the latter half of the 
eighteenth century, grew apace, and soon found herself 
face to face with the great problems which biology had 
vainly tried to attack withoiit her help. The discovery 
of oxygen led to the laying of the foundations of a 
Bcientinc theory of respiration, and to an examination 
of the marvellous interactions of organic substances 
with oxygen. The presence of fi'ee oxygen appeared 
, to be one of the conditions of the existence of life, and g 

' See BpallBnzaiii, "Opere," vi., pp. 42 and 61. 
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nf those singular changes in organic matters which 
known as tei'mentation aiiJ putrefaction. The questu 
of the generatiou of the infusory animalcules thua' 
passed into a new phase. For what might not have 
happened to the organic matter of the infusions, or to 
the osj'gen of the air, in Spallanzani's experimenta,J, 
What security was there that the development of h"* 
which ought to have taken place had not been cheeki 
or prevented hy these changes % 

The battle had to be fought again. It was needful 
to repeat the experiments under conditions which 
would make sure that neither the oxygen of the air, 
nor the composition of the organic matter, waa altei 
in such a matter as to interfere with the existence 
life. 

Schnlze and Schwann took up the question from 
this point of view in 1836 and 1837. The passage of 
air through red-hot glass tubes, or through stron 
aulphui'ic acid, does not alter the proportion of ll 
oxygen, while it must needs aiTest or destroy aa^ 
organic matter which may be contained in the aii 
rheae experimenters, therefore, contrived arrange- 
ments by which the only air which should come into 
contact with a boUed infrision should be such as had 
either passed through red-hot tubes or through strong 
sulphuric acid. The result which they obtained was 
that an infusion so treated developed no living things, 
whUe, if the same infusion was afterwards exposed to 
the air, such things appeared rapidly and abundantly. 
The accuracy of these experiments has been alternate-. 
ly denied and affirmed. Supposing them to be 
cepted, however, all that they really proved was t] 
the treatment to which the air was subjected destroy! 
something that was essential to the development of life 
iu the infusion, This " something " might be gaseous 
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fluid, or st)]i<l; that it consisted of germs leninined 
only an hypothesis of greater or less probability. 

Contemporaneously with these investigations a re- 
markable discovery was made by Cagniard de la Tour- 
He found that common yeast is composed of a vast 
acetonulation of minute plants. The fennentation of 
must or of wort in the fabrication of wine and of beer 
IB always accompanied l^the rapid growth and multi- 
plication of these ToruUs. Thus fermentation, in so 
far as it was accompanied by the development of mi- 
croscopical organisms in enormous numbers, became 
assimilated to the decomposition of an infusion of or- 
dinary animal or vegetable matter ; and it was an ob- 
vious suggestion that the organisms were, in some way 
or other, the causes both of fermentation and of putre- 
faction. The chemists, with Berzeliua and Liebig at 
their head, at first laughed this idea to scorn; but, in 
1843, a man then very young, who has since performed 
the unexampled feat of attaining to high eminence 
alike in Mathematics, Physics, and Physiology — I 
speak of the illustrious Helmholtz — reduced the mat- 
ter to the test of experiment by a method alike ele- 
gant and conclusive. Helmholtz separated a putrefy- 
ing or a fermenting liquid from one which was simply 
putrescible or fermentable by a membrane which al- 
lowed the fluids to pass through and become inter- 
mised, but stopped the passage of solids. The result 
was, that while the putrescible or the fermentable 
liquids became impregnated with the results of the 
putrescence or fermentation which was going on on 
the other side of the membrane, they neither putrefied 
(in the ordinary way) nor fermented ; nor were any of 
the organisms which abounded in the fermenting or 
putrefying liquid generated in them. Therefore the 
cause of the development of these organisms must lie 
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in something which cannot pass through membranea ; 
ami, iist Uelmholtz'a investigations were long antece- 
dent to Graham's researches upon colloids, his natural 
conclusion was that the agent thus intercepted must 
be a solid material In point of fact, Helmholtz's 
espeiiments narrowed the issue to this : that which 
excites fenuentation and putrefaction, and at the same 
time gives rise to living forms in a fermentable or 
putrescible fluid, is not a gas and is not a diffusibj 
fluid ; thereibre it is either a colloid, or it is mat ' 
divided into very minute solid particles. 

The researches of Scbroeder and Dusch in 1854, 
of Schroeder alone, in 1859, cleared up this point by 
experiments which are simply refinements upon those 
of Eedi. A lump of cotton-wool ia, physically speak- 
ing, a pile of many thicknesses of a very fine gauze, 
the fineness of the meshes of which depends upon the 
closeness of the compression of the wool. Kow, 
Schroeder and Dusch found that, in the case of all the 
putrefiable materials which they used (^cept milk 
and yolk of egg), an infusion boiled, and then allowed 
to come into contact with no air but such as had b< 
filtered through cotton-wool, neither putrefied nor fe 
mented, nor developed living forms. It is hard i 
imagine ■what the fine sieve formed by the cotton-wool 
could have stopped except minute solid particles. 
Still the evidence was incomplete until it had been 
positively shown, first, that ordinaiy air does contain 
such particles ; and, secondly, that filtration through 
cotton-wool arrests these particles and allows only 
physically pure air to pass. This demonstration has 
been furnished within the last year by the remarkable 
experiments of Professor TyndalL It has been a 
common objection of Abiogenists that, if the doctrini 
of Biogeny is true, the air must be thick with gej 
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and thuy regard this as the Leiglit of absurdity. But 
Nature occasionally is exceedingly unreasonable, and 
Professor Tyndall has proved that this particular ab- 
surdity may neverthelesa be a reality. He has demon- 
strated that ordinary air is no better than a sort of 
stirabout of excessively minute solid particles; that 
these particles are almost wholly destructible by heat; 
and that they are strained off, and the air rendered 
optically puie, by being passed through cotton-wool. 

But it remains yet in the order of logic, though not 
of history, to show that among these solid destructible 
particles there really do exist genus capable of giving 
rise to the development of living forms in suitable 
menstrua This piece of work was done by M. Pas- 
teur iu those beautiful researches which will ever ren- 
der his name famous ; and which, in spite of all attacks 
upon them, appear to me now, as they did seven years 
ago', to be models of accurate expenmentation and 
logical reasoning. He strained air through cottoi 
wool, and found, as Schroeder and Duseh had doi ^ 
that it contained nothing competent to give rise to tho 
development of life in fluids highly fitted for that pur- 
pose. But the important farther links in the chain of 
evidence added by Pasteur are three. In the first 
place he suljjected to microscopic examination the 
cotton-wool which had served as sti-ainer, and found 
that sundry bodies, clearly recognizable as germs, were 
among the solid particles strained off. Secondly, he 

f (roved that these germs were competent to give rise to 
iving forms by simply sowing them in a solution fitted 
for their development. And, thirdly, he showed that 
the incapacity of air strained through cotton-wool to 
give rise to life was not due to any occult change af- 

■II tlie Causog of the Pheooniena of Orgnnift^ 
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tWted in constituents of tJie air by tie wool, by prov- 
ing that tlie cotton-wool might be dispensed with 
altogether, and perfectly free access left between the 
exterior air and that in the experimental flask. If the 
neck of the fliisk is drawn out into a tube and bent 
downwards ; and if, after the contained fluid has been 
carefully boiled, the tube is heated sufficiently to de- 
Bti'oy any fi^erms which may be present in the air which 
enters as the fluid cools, the apparatus may be left to 
itself for any time and no life will appear in the fluid 
The reason is plain. Although there is ftee communi- 
cation between the atmosphere laden with germs and 
the germleas air in the flask, contact between the two 
talcea place only in the tube ; and as the germs cannot 
fall upwards, and there are no enrrents, they never 
reach the interior of the flask. But if the tube be 
broken short off where it proceeds from the flask, and 
free access be thus given to germs falling vertically out 
" the air, the fluid wliich has remained clear and desert 
^r months, becomes in a few days turbid and fiill of 
life. 

These experiments have l)een repeated over and 
over again by independent observers with entire suc- 
nd there is one very simple mode of seeing the 
facts for oneself, which I may as well describe, 

Pre])are a solution (much used by M. Pasteur, and 
often called "Pasteur's solution") composed of water 
with tartrate of ammonia, sugar, and yeast-ash dis- 
solved therein.' Divide it into three portions in as 
many flasks; boil all three for a quarter of an hour; 
and, while the steam is passing out, stop the neck of 
one with a large plug of cotton-wool, so that this also 

' Infusion of hay treated in the Bame way yielda similar resnJta ; but, ai 
it contains organic matter, the argoment uliiob foUnws oannot be baaed 
Dpon it. 
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inay be tlioi'ou.glily steamed. Now set the flasks aside 
to cool, and, when their contents are cohl, add to one 

[of the open ones a drop of filtered infusion of hay 
which has stood for twenty-tour hours, and ia conse- 
quently fall of the active and excessively minute 
oi^aniams known as Bacteria'. In a couple of days 
of ordinary warm weather the contents of this flask 
■will be milky trora tlie enormous multi]ilication of 
Bacteria. The other flask, open and exposed to the 
air, sooner or later will become milky with Ba^te'ria, 
and patches of mould may appear m it ; while the 
liquid ia the flask, the neck of which is plugged 
with cotton-wool, will remain clear for an indefinite 
time. I have sought in vain for any explanation 
of these facta, except the obvious one, that the air 
contains germs competent to give rise to Bacteria, 
such as those with which the first solution has been 
knowingly and purposely inoculated, and to the mould- 
FuTigi. And I have not yet been able to meet with 
anj" advocate of Abiogenesis who seriously maintains 
that the atoms of sugar, tartrate of ammonia, yeast-ash, 
and water, under no influence but that of free access 
of air and the ordinary temperature, I'earrange them- 
selves and gave rise to the protoplasm of BacteHuin, 
But the alternative is to admit that these Bacteria 
arise from germs in the air ; and if they are thus pro- 
pagated, the burden of proof that other like forms are 
generated in a different manner must rest with the aa- 
serter of that proposition. 

To sum up the effect of this long chain of evi- 
dence : — 

It is demonstrable that a fluid eminently fit for 
the development of the lowest forms of life, but which 

"tontains neither germs, nor any protein compound, 
Tes rise to living things in great abundance if it ia 
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exposed to ordinary air, while no such development 
takes place if the air with which it is in contact ia 
mechanically freed from the solid particles which ordi- 
narily float in it and which may be made visible by 
approj)riate means. 

It is demonstrable that the great majority of these 
particles are destructible by Heat, and that some of 
them are germa or living particles capable of giving 
rise to the same forms of life as those which appear 
when the fluid is exposed to unpurified mr. 

It 13 demonstrable that inoculation of the experi- 
mental fluid with a drop of liquid knowTi to contain 
living particles gives rise to the same phenomena as 
exposure to unpurified air.- 

And it is further certain that these living particles 
are so minute that the assumption of their suspension 
in ordinary air presents not the slightest difficulty. 
On the contraiy, considering their lightness and the 
wide diffusion of the organisms which produce them, 
it is impossible to conceive that they should not'be 
Bospended in the atmosphere in myriads. 

Thus the evidence, direct and indirect, in favor of 
Biogenesis, for all known forms of life must, I think, 
be admitted to be of great weight. 

On the other side, the sole assertions worthy of at- 
tention are that hermetically-sealed fluids, which have 
been exposed to great and long-continued heat, have 
sometimes exhibited living forms of low organisation 
when they have been opened. 

^The first reply that suggests itself is the probabil- 
ity that there mast be some error about these expori- 
ioients, because they are performed on an enormous 
geale every day with quite contrary results. Meat, 
(Wiits, vegetables, the very materials of the most fer- 
mentable and putrescible infusions, are preserved Ui 
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the extent, I suppose I may say, of thousands of tons 
every year, by a method which is a mere application 
of Sjiallanzaui's experiment. The matters to be pre- 
served are \vell boiled in a tin ease provided with a 
small hole, and this hole ia soldered up when all the 
air in til 8 case has been replaced by steam. By this 
method they may be kept for years without putrefy- 
ing, fermenting, or getting mouldy. Now, this is not 
because oxygen is cscluded, inasmuch as it is now 
proved that free oxygen is not necessai-y for either fer- 
mentatiom or putrefaction. It is not because the tins 
are exhausted of air, for Vihriones and Jiacteria live, 
as Pasteur has shown, without air or free oxygen. It 
is not because the boiled meats or vegetables are not 
putreseible or fermentable, as those who have had the 
aiisfortune to be in a ship supplied with unskilfully- 
closed tins well know. What is it, therefore, but the 
exclusion of genns ? I think that Abiogenists are 
bound to answer this question before they ask us to 
consider new expei-iments of precisely the same order. 
And in tlie next place, if the results of the experi- 
ments I refer to are really trustworthy, it by no means 
follows that Abiogenesis has taken place. The resist- 
ance of living matter to heat is known to vary within 
considerable limits, and to depend, to some extent, 
upon the chemical and physical qualities of the sur- 
rounding medium. But, if, in the present state of sci- 
ence, the alternative is offered us, either germs can 
stand a greater heat than has been supposed, or the 
molecules of dead matter, for no valid or intelligible 
reason that is assigned, are able to rearrange them- 
selves into living bodies, exactly such as can be de- 
monstrated to be frequently i)roduced in another way, 
I cannot understnnd how choice can be, even foi nJ 
moment, doubtful, 
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But, though I cannot eiqiress this conviction of 
Diiiie too strongly, I must carefully guai-d myself 
against the supposition that I intend to suggest that 
no such thing as Abiogenesis ever has taken place in 
the pa.st, or ever will take place in the future. Witli 
organic chemistry, molecular physics, and physiology, 
yet in their infancy, and every day making prodigioua 
strides, I think it would be the height of presumption 
for any man to say that the conditions under which 
matter assumes the properties we call " vital " may 
not, some day, be artificially brought togethar. All I 
feel justified in affirming i?, that I see no reason for be- 
lieving that the feat has been perfonned yet. 

And, looking back through the prodigious vista of 
the past, I find no record of the commencement of life, 
and therefore I am devoid of any means of forming a 
definite conclusion as to the conditions of its appear 
ance. Belief, in the scientific sense of the word, ia a 
aerious matter, and needs strong foundations. To say, 
therefore, in the admitted absence of evidence, that I 
have any belief as to the mode in which the existing 
forms of life have originated, would be using words in 
a wrong sense. But expectation is permissible where 
belief ia not ; and, if it were given me to look beyond 
the abyss of geologically recorded time to the still 
more remote period when the earth was passing 
through physical and chemical conditions, which it 
can no more see again than a man can recall hig in- 
fancy, I should expect to be a witness of the evolution 
of living protoplasm from not living matter. I should 
expect to see it appear under foiTus of great simplicity, 
endowed, like existing fungi, with the power of deter- 
mining the formation of new protoplasm from such 
matters as ammonium carbonates, oxalates and tar 
trates, alkaline and earthy phosphates, and water, 
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witliout the aid of light. That is the expectation to; 
which aniilogical reasoning leads me ; but I beg yoo, 
once more to recollect that I have no right to call my 
opinion any thing but an act of philosophical faith. 

So much for the hiatoiy of the progress of Redi'ft' 
great doctrine of Biogenesis, which appears to me^^ 
with the limitations I have expressed, to be victorioufil 
along the whole line at the present day. 

As regards the second problem offered to us b' 
Redi, whether Xenogenesis obtains, side by side with 
Homogenesis — whether, that is, there exist not only 
the ordinary living things, giving rise to offspring 
which run through the same cycle as themselves, but 
also others, producing offspring which are of a totally 
different character from themselves — the researches of 
two centuries have led to a different result. That thai 
grabs found in galls are no product of the plants onl 
which the galls grow, but are the result of the intro- 
duction of the eggs of insects into the substance of 
these plants, was made out by Vallisnieri, Reaimiurj 
and others, before the end of the fii-st half of the 
eighteenth eentuiy. The tapeworms, bladderwoi 
and flukes, continued to be a stronghold of the ad' 
cates of Xenogenesis for a much longer period, 
deed, it is only within the last thirty years that the 
splendid patience of Von Siebold, Van Beneden, Leuet- 
art, Kiichenmeister, and other helminthologists, haa 
succeeded in tracing every such parasite, often through 
the strangest wanderings and metamorphoses, to an 
egg derived from a parent, actually or potentially like 
itself; and the tendency of inquiries elsewhere has all 
been in the same direction. A plant may throw off 
bulbs, but these, sooner or later, give rise to seeds ot 
spores, whicli develop into the original form. A- 
polype may give rise to Medusie, or a pluteus to nn 
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Ecbinoilerm, "but the Medusse and tlie Echinodenn 
give rise to egi;s which produce i>olyi)es or plutei, and 
iliey are therefore ouly stages in the cycle of lite of the 
species. 

But if we turn to pathology it offers us some r& 
markable approximations to true Xenogenesis. 

As I have already mentioned, it has been known 
since the time of Vallisnieii and of Reaumur, that 
galls ill plants, and tumours in cattle, are caused by 
uisects, which lay their eggs in those parts of the ani- 
mal or vegetable frame of which these morbid struc- 
tures ai-e outgrowths. Again, it is a matter of familiar 
experience to eveiybody that mere pressure on the 
eliin will give xise to a com. Xow, the gall, the tu- 
mour, and the com, are parts of the living body, which 
have become, to a certain degree, independent and dis- 
tinct organisms. Under the influence of certain ex- 
ternal conditions, elements of the body, which should 
have developed in due subordination to its general 
plan, set up for themselves and apply the nourish 
ment which they receive to their own purposes. 

From such innocent productions as corns and warts, 
there are all gradations to the serious tumours which, 
by their mere size and the mechanical obstruction they 
cause, destroy the organism out of which they aie de- 
veloped ; wliUe, finally, in those terrible structures 
knomi as cancers, the abnormal growth has acquired 
powers of reproduction and multiplication, and is only 
morphologically distinguishable from the parasite 
worm, the life of which is neither more nor less close- 
ly bound uji with that of the infested oi^aniam. 

If there were a hind of diseased structure, the histo- 
logical elements of which w^re capable of maintaining 
B separate and mdepeudeut ejcistence out of the body, 
it seems to rae that the shadowy boundary between 
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morbid growth and Xenogenesis would be effaced. 
And I am inclined to think that the progress of dis- 
covery has almost brought us to this point already. I 
have been favoured by Mr. Simon with an early copy 
of the last published of the valuable "Reports on the 
Public Health," which, in his capacity of their medical 
officer, he annually presents to the Lords of the Privy 
Council. The appeniUx to this report contains an in- 
troductory essay " On the Intimate Pathology of Con* 
tagion," by Dr. Burdon Sanderson, which is one of thfli 
clearest, most comprehensive, and well-reasoned diap 
cuasions of a great question which has come under ms 
notice for a long time. I refer you to it for details am 
for the authorities for the statements I am about 1 
make. 

You are familiar with what happens in vaccination. 
A minute cut is made in the skin, and an inflnitesimal 
quantity of vaccine matter is inserted into the wound, 
within a certain time a vesicle appears in the place of 
the wound, and the fluid which distends this vesicle is 
vaccine matter, in quantity a. hundred or a thousand- 
fold that which was originally inserted. Now, what 
has taken place in the course of this operation ? Has 
the vaccine matter, by its irritative property, produced 
a mere blister, the fluid of which has the same ii'rita- 
tive property? Or does the vaccine matter contain 
living particles, which have grown and multiplied 
where they have been planted 'i The observations of 
M, Chauveau, extended and confirmed by Dr. Sander- 
son himself, appear to leave no doubt upon this head. 
Experiments, similar in principle to those of Helmholtz 
on fermentation and putrefaction, have proved that thr 
active element in the vaccine lymph is non-difiusible, 
and consists of minute pai'ticles not exceeding rg- jJij -j-tb 
of an inch in diameter, which are made visible in the 
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lymph by the microscope. Similar experiments have 
proved that two of the most destructive of epizootic 

» diseases, eheep-pos and glanders, are also dependent 
for their existence and their propagation upon extremely 
Small living solid particles, to which the title of mi- 
(Tosymes is applied. An animal suffering under either 
of these terrible diseases is a source of infection and 
contagion to others, for precisely the same reason as a 
tub of fermenting beer is capable of propagating its 
fermentation by " infection," or " contagion," to &esh 
wort. In both cases it is the solid living particles 
which are efficient ; the liquid in which they float, and 
at the expense of which they live, being altogether 
passiva 

Now arises the question, are these microzynies the 
results of Homogenesis, or of Xenogenesis; are they 
capable, like the TorulcB of yeast, of arising only liy the 
development of pre-existing germs ; or may they be, like 
the constituents of a nut-gall, the results of a modifica- 
tion and individualisation of the tissues of the body in 
which they are found, resulting from the operation of 
certain conditions? Are they pai-asites in the zoolo- 
gical sense, or are they merely what Virchow has 
called "heterologous growths"^ It is obvious that 
this question has the most profound importance, 
whether we look at it from a practical or fi-om a theo- 
retical point of view. A parasite may be stamped out 
by destroying its germs, but a pathological product 
rjin only be annihilated by removing the conditiona 
which give rise to it. 

It appears to me that this great problem will have 
to be solved for each zymotic disease separately, foi 
analogy cuts t^vo ways. I have dwelt upon the anal- 
ogy of pathological modification, which is in favour of 
the xenogenetic origin of microzymes ; but I must now 
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speak of the equally strong analogies in favour of the 
origin of such pestiferous particles by tlie ordinary pro- 
cess of the generation of like from like. 

It is, at piesent, a well-established fact that certain 
diseases, both of plants and of animals, which have all 
the characters of contagious and infectious epidemics, 
are caused by minute organisms. The smut of wheat 
is a well-known instance of such a disease, and it can- 
not be doubted that the grape-disease and the potato- 
disease fall under the same category. Among animals, 
insects are wonderfully liable to the ravages of con- 
tagious aud infections diseases caused by microscopic 

In autumn, it is not uncommon to see flies, motion- 
less upon a window-pane, with a sort of magic circle, 
iu white, drawn around them. On microscopic exam- 
inatiou, the magic circle is found to consist of innu- 
merable spores, which have been thrown off in all 
directions by a minute fungus called ^mpusa muscce, 
the spose-formiug filaments of which stand out like a 
pUe of velvet from the body of the fly. These spore- 
forming filaments are connected with others which fill 
the interior of the fly's body like so much fine wool, 
having eaten away aud destroyed the creature's viscera. 
ITiis IS the full-grown condition of the Empum, If 
traced back to its earlier stages, in flies which are still 
active, and to all appearance healthy, it is found to 
exist in the form of minute corpuscles which float in 
the blood of the fly. These multiply and lengthen 
into filaments, at the expense of the fly's substance; 
aud, w^hen they have at last killed the patient, they 
grow out of its body aud give off spores. Healthy 
flies shut up with diseased ones catch this mortal dis- 
ease and perish like the others. A most competent 
obeei-ver, M. Cohn, who studied tlie development of 
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^B the Mnpusa in tlie fly very carefully, was utterly un- 
^P able to discover in what manner the smallest genns of 
"^ the Eiitpusa got into the fly. Tlie spores could not 
be made to give rise to such germs by cultivation ; nor 
wei-e such germs discoverable in the air, or in the food 
of the fly. It looked exceedingly lite a case of Abio- 
genesis, or, at any rate, of Xenogenesis ; and it is only 
quite recently that the real course of events has been 
made out. It has been ascertained, that when one of 
the spores lialla upon the body of a fly, it begins to 
germinate and senda out a process which bores its way 
through the fly's skin; this, having reached tbe inte- 
rior cavities of its body, gives off the minute floating 
corpuacles which are the earliest stage of the £mpU8a. 
The disease is " contagious," because a healthy fly 
coming in contact with a diseased one, from which the 
spore-bearing filaments protrude, is pretty sure to carry 

I off a spore or two. It is " infectious " because the 
spores become scattered about all sorts of matter in 
the neighbourhood of the slain flies. 
The silkworm has long been known to be subject to 
a very fatal and infectious disease called, the Mvs'-ar- 
dine. Audouin transmitted it by inoculation. Tkia 
disease is entirely due to the development of a fungus, 
Botrytia Bassiatia, in the body of the caterpillar ; and 
its contagiousness and infectiousness are accoimte<l for 
in the same way as those of the fly-disease. But of 
late years a atill more serious epizootic has appeared 
among the silkworms ; and I may mention a few facta 
which will give you some conception of the gravity of 
the injury which it has inflicted on France alone. 

The production of silk baa been for centuries an im- 
portant branch of industry in Southern Fi-ance, and in 
the year 1853 it had attained such a magnitude ' 
I the annual produce of the French sericulture was 
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mated to amount to a tenth of tliat of tie whole world, 
and represented a money-value of 117,000,000 of francs, 
or neaily five millions sterling, Wliat may be the sum 
which would represent the money-value of all the in- 
dustries connected with the working up of the raw silk 
thus produced is more than I can pretend to estimate. 
SofSce it to say that the city of Lyons is built upon 
French silk as much as Manchester was upon Aniencan 
cotton before the civil war. 

Silkworms are liable to many diseases; and even 
before 1853 a peeiiliar epizootic, frequently accompar 
nied by the appearance of dark spots upon the skin 
(whence the name of " Pebrine " which it has receiv 
ed), liad been noted for its mortality. But in the 
years following 1S53 this malady broke out with such 
extreme violence, that, in 1858, the silk-crop was re- 
duced to a third of the amount which it had reached 
in 1853 ; and, up till within the last year or two, it 
has never attained half the yield of 1853. This means 
not only that the great number of people engs^ed in 
silk-growing ai-e some thirty miUioDS sterling poorer 
than they might have been ; it means not only that 
high prices have had to be paid for imported silkworm 
eggs, and that, after investing his money in them, in 
paying for mulberry-leaves and for attendance, the cul- 
tivator has constantly seen his silkworms perish and 
himself plunged in ruin ; but it means that the looms 
of Lyons have lacked employment, and that for years 
enforced idleness and misery have been the portion of 
a vast population which, in former days, was indus- 
trious and well to do. 

In 1858 the gravity of the situation caused thot 
French Academy of Sciences to appoint Commisaionera^'I 
of whom a distinguished naturalist, M, de Quatrefage J 
was one, to inquire into the nature of this disease, and f 
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if possible, to devise f ome means of staying the plagua 
In reading the Report' made by M. de Quatrefages in 
1859, it ia exceedingly interesting to observe that hia 
elaborate study of the Pebrine forced the conviction 
upon his mind that, in its mode of occurrence and prop- 
agation, the disease of the silkworm is, in every respect, 
comparable to the cholera among mankind. But it 
differs from the cholera, and so far is a more formidable 
disease, in being hereditaa-y, and in being, under some 
circumstances, contagious as well as infectious. 

The Italian naturalist, FUippi, discovered, in the 
blood of the silkworms afl'ected by this strange disease, 
a multitude of cylindrical corpuscles, each about g ^(, ^ th 
of an inch long. These have been carefully studied by 
licbert, and named by hitu I'anMstophyton ; for the 
rea^n that, in subjects in which the disease is strongly 
developed, the corpuscles swarm in every tissue and 
organ of the body, and even pass into the undeveloped 
eggs of the fenmle moth. But are these corpuscles 
causes, or mere concomitants, of the disease? Some 
naturalists took one view and some another; and it was 
not until the French Government, alarmed by the con- 
tinued ravages of the malady, and the inefficiency of 
the remedies which had been suggested, dispatched M. 
Pasteur to study it, that the question received its final 
settlement ; at a great sacrifice, not only of the time 
and peace of mind of that eminent philosopher, but, I 
regret to have to add, of his health. 

But the sacrifice has not been in vain. It is now 
certain that this devastating, cholerarlike Pebrine is 
the effect of the growth and multiplication of the Pan- 
Thistophytfrn in the silkworm. It is contagious and in 
fections because the corpuscles of the PamldstaphyUm 
pass away from the bodies of the diseased caterpillai'a, 

' Etiidea sar lea Maladies Actnolloa dea Vers 3 3oie, p. C3. 
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directly or indirectly, to tte alimentary canal of 
healthy silkworms in their neighbourhood; it is he- 
reditary, beeanse the corpuscles enter into the e^s 
while they are being formed, and consequently are car- 
ried within them when they are laid ; and, for this rea- 
son, also, it presents the very singular peculiarity of 
being inherited only on the mother's side. There ia 
not a single one, of all the apparently capricious and 
unaccountable phenomena presented by the Pebrine, 
but has received its explanation from the fact that the 
disease is the result of the presence of the microacopic 
organism, PamJusiophyton. 

Such being the facts with respect to the Pebrine, 
what are the indications as to the method of prevent- 
ing it % It is obvious that this depends upon the way 
in which the Panfmtophyion is generated. If it may 
be generated by Abiogenesia, or by Xenogenesia, withia 
the silkworm or its moth, the extirpation of the dis- 
ease must depend upon the prevention of the occurrence 
of the conditions under which this generation takes 
place. But if, on the other hand, the J'ajilustopliytorb 
la an independent organism, which is no more generated 
by the silkworm than the mistletoe is generated by the 
oak or the apple-tree on which it gi-ows, though it may 
need the silkworm for its development in the same 
way as the mistletoe needs the tree, then the indica- 
tions are totally different. The sole thing to be done 
is, to get rid of and keep away the geims of the Paii- 
hiBtophyton. As might be imagined, from the course 
of his previous investigations, M, Pasteur was led to 
believe that the latter was the right theory; and, 
guided by that theory, he has devised a method of ex- 
tirpating the disease, which has proved to be com- 
pletely successful wherever it has been properly car- 
ried out 
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Tliere can be no reason, then, for doubting that, 
among insects, contagious and infections diseases of 
great malignity are caused by minute organisms wHch 
are produced from pre-existing germs, or by homogeiie- 
sis ; and there is no reason, that I know of, for believ- 
ing that what happens in insects may not take place 
in the highest animals. Indeed, there is already strong 
evidence that some diseases of an extremely malignant 
and fatal character, to which man is subject, are aa 
much the work of minute organisms as is the Kbrine. 
I refer for this evidence to the very striking facts ad- 
duced by Professor Lister in his various well-known 
publications on the antiseptic method of treatment. 
It seems to me impossible to rise from the perusal of 
those publications without a strong conviction that 
the lamentable mortality which so frequently dogs the 
footsteps of the most skLLful operator, and those deadly 
consequences of wounds and injuries which seem to 
haunt the very walls of great hospitals, and are, even 
now, destroying more men than die of bullet or bayo- 
net, are due to the importation of minute ca^anisma 
into wounds, and their increase and multiplication; 
and that the surgeon who saves most lives will be he 
who best works out the practical consequences of the 
hypothesis of Kedi. 

I commenced this Address by asking you to follow 
me in an attempt to trace the path which has been fol- 
lowed by a scientific idea, in its long and slow pro- 
gress from the position of a probable hypothesis to that 
of an established law of Nature. Our survey has not 
taken us into very attractive regions; it has lain, 
chiefly, in a land flowing with the abominable, and 
peopled with mere grubs and mouldiness. And it may 
be imagined with what smiles and shrugs practical 
and senous contemporaries of Eedi and of Spallanzani 
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may have commeBted on the waste of their high abili- 
ties in toiling at the solution of problems which, though 
curious enough in themselves, could be of no conceiv- 
able utility to mankind. 

Nevertheless, you will have observed that, before we 
had travelled very far upon our road, there appeared, on 
the right hand and on the left, fields laden with a har- 
vest of golden grain, immediately convertible into those 
things which the most sordidly practical of men vpill 
admit to have value — viz., money and life. 

The direct loss to France caused by the Pebrine in 
seventeen years cannot be estimated at less than fifty 
millions sterling ; and if we add to this what Kedi's 
idea, in Pasteur's hands, has done for the wine-grower 
and for the vinegar-maker, and try to capitalise its 
value, we shall find that it will go a long way towards 
repairing the money losses caused by the frightfiil and 
calamitous war of this autumn. And as to the equi 
valent of Redi's thought in life, how can we over-esti- 
mate the value of that knowledge of the nature of epi- 
demic and epizootic diseases, and consequently of the _ 
means of checking, or eradicating them, the dawn of J 
which has assuredly commenced \ I 

Looking back no further than ten years, it is possible! 
to select three (1863, 1864, and 1869) in which the 
total number of deaths from scarlet-fever alone amount- 
ed to ninety thousand. That is the return of killed, 
the maimed and disabled being left out of sight. 
"Why, it ia to be hoped that the list of killed in the 
present bloodiest of all wars will not amount to more 
than this ! But the facta which I have placed before 
you must leave the least sanguine without a doubt 
that the nature and the causes of this scourge will, one 
day, be as well understood as those of the Pebrine t 
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now; and that the long-suffered massacre of oui inao- 
centa will come to an end. 

And thus mankind "will have one more admonition 
that " the people perish for lack of knowledge ; " and 
that the alleviation of the miseriea, and the promotion 
of the welfare of men must "be sought, "by those who 
will not lose their pains, in that diligent, patient, lov- 
ing study of all the multitudinous aspects of Nature, 
the results of which constitute exact knowledge, or sci- 
ence. It is the justification and the glory of this great 
meeting that it is gathered togetherfor no other object 
than the advancement of the moiety of science which 
deals with those phenomena of Nature which we call 
physical. May its endeavours be crowned with a full 
measure of success ! 
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CATION, B; CuAiiLEs DiLitiriN. LL.D., F. R.S. With DIoBtratiDDa. 

ReTlaed edition. 3 role., ISmo. ClDth, tD.OO. 

" Tbe object of thla work ia not to deacrlbe all the TDU17 races of aalmila 
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THE FOWEB OF HOTEMGNT IN PI.ANTS. Bj Chahlii DASimT, ^ 
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F. K. S., Andrews Profeaaor of Astronomy in the Dniversilj of Dub- 
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Elementary Lessons in Astronomy, By J. Noemim 

LocKrni, F. R. S, Riehlj illaBiiated, and embracing the Latest Dia- 
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tnonledEfl. Ho has stndiad lHal gtenl lamlnarj- all hie life, invented and im- 

proTcd IdBtrnments tor ubBeirinc <l. ^ne to all qnanera of the norld In teaith 
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The Moon : He? Motiotu, Aspect, Scenery, and Fhysicnl ConditiosCf I 
vith Two LuniF PhDtograpbs and many Illustrationa. By R. A«4 
Peoctob. Hew edition. 12ino. Cloth, 83.50. 

Other Worlds than Ours ; the Plurality of Worida, BWdW 

under the Light of Recent Scientific RcBearcbefl. By R. A. Peoc 
With lIluBtraUoDS, some colored. 12mo. Cloili, $2.60. 

Our Place among Infinities. ASeriosofEsgayBcontrastii^ 
our Little Abode in Space and Time with the InBuitiea around ni ' 
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